| 


General Motors pledges 


AC QUESTMANSHIP 


AC Seeks and Solves the Significant—With GM's support, AC is taking giant strides toward leadership in 
the international technological race. And AC Reliability—characteristic of every aspect of AC’s operation 
—plays a large role. It results in such successes as AChiever inertial guidance for Thor... and the more 
sophisticated AChiever being built for Titan. / This is AC QUESTMANSHIP. It’s the scientific quest for 
new ideas, methods, components and systems . . . to promote AC’s many projects in guidance, navi- 
gation, control and detection. / To Mr. Harold C. Yost, AC Director of Reliability, Questmanship is ‘‘the 
direction of scientific disciplines to achieve optimum reliability.” His group constantly seeks improvement, 
‘making creative contributions in every area from basic design to field operation’. That takes engineers 
with broad knowledge, imagination and experience. , You may qualify for our specially selected staff 
. if you have a B.S., M.S., or Ph. D. in the electronics, scientific, electrical or mechanical fields, plus 
related experience. If you are a ‘‘seeker and solver’, write the Director of Scientific and Professional 
Employment, Mr. Robert Allen, Oak Creek Plant, 7929 So. Howell Ave., Milwaukee, Wisconsin. 
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THE COVER, suggesting miniaturized 
modules laid up like building blocks, 
is a photograph of a metal sculpture 
by Harry Bertoia; the lower right 
inset is a miniature flip-flop circuit 
by Fairchild Semiconductor Corp., 
Mountain View, Calif. 

The abstract metal art is in I-R’s 
own front yard, on permanent exhibi- 
tion at the Art Institute of Chicago, 
just across the street from Industrial 
Research headquarters. 

The flip-flop inset is an example of 
electronic circuit miniaturization that 
rates high in the goal of more com- 
ponents per unit volume. A host of 
other devices—both electronic and me- 
chanical—are featured in this issue. 

Big impetus to miniaturization, of 
course, has been provided by space 
exploration and the need for tiny but 
reliable missile equipment. The im- 
pact of the revolution toward making 
things smaller and smaller is told in 
Theodore Berland’s Miniaturization — 
Goal and Byproduct, beginning on 
page 16. 

Pitfalls of technical director H. L. 
Garbarino’s New-Product Develop- 
ment, page 27, is an eye-opener on 
obstacles to new product success over- 
looked by traditional views on the 
subject. 

Two success stories also are related 
in this issue: Planning Research—the 
Case of an Interesting Molecule (page 
65) is Shell Development Co. presi- 
dent Dr. Harold Gershinowitz’ report 
on the development of a chemical 
from a mere curiosity to a profit- 
maker. And Dr. R. C. Vickery, senior 
scientist of Nuclear Corp. of America, 
describes The Abundant Rare Earths 
in terms of their present and potential 
applications (page 31). 

The second in a series of I*R arti- 
cles on automation, Automation Up- 
grades Jobs, Not Workers, (page 61) 
spotlights the hardships of automation 


and also the necessity for labor mo- 
(continued on page 8) 


46,000 copies of this issue printed. 
Circulation audited and verified by 
Verified Audit Circulation Corp. 
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Industrial Research is dedicated 
to reducing the time lag 
between invention and 
production. It seeks to do this 
by informing technical 
management, creative engineers, 
and research workers 

of new scientific developments 
and their profitable applications 
in all fields of industry. 


INDUSTRIAL RESEARCH 


200 8. MICHIGAN AVENUE * CHICAGO 4 


Subscriptions: $5 for one year: $9 for two 
years; $13 for three years, to United States, its 
possessions, and Canada; $1 extra for each six 
issues to foreign countries. Foreign remittance 
by International Money Order payable at Chi- 
cago, Ill., U.S.A. When changing address, please 
notify Circulation Dept. at address above. Noti- 
fication of changes of job title are requested. 


Advertising: I-R accepts 1, 2, 3, and 4-color 
ads, either offset or letterpress. Inserts, special 
paper stocks, die-cuts are available. Rate and 
data card showing complete closing date sched- 
ule, special colors, and frequency and bulk rates, 
is available to advertisers and agencies. Tele- 
phone: HArrison 7-1794, Chicago; address 
above. 


Editorial: Professional science writers, indus- 
trial executives, research workers, educators, 
artists, and photographers are invited to query 
the editor at address above, with ideas for 
articles or art. Do not send manuscripts with- 
out query. Answers to queries are prompt. 


Reproduction prohibited without permission. 
Address the editor for permission to reprint 
articles. 


Copyright © 1960, by Scientific Research 
Publishing Co. Inc. 


@ INDUSTRIAL RESEARCH—AUG-SEPT, 1960 


A | 
“be. 
ic 
. 
mt 
é 
ar 


AUG-SEPT 1960 


editor & publisher, Neil P. Ruzic 
technical director, Dr. H. L. Garbarino 


assistant editor, M. E. Aisanich 


news editor, Walter Esse 


photographer, Jon R. Pownall 


technical consultants, Daniel J. Fink 
Rudolf G. Hentschel 
Harold M. Kimball 

Dr. Walter C. McCrone 

Richard L. Moore 

William T. Savage 

Dr. Joseph M. Still 

Leonard M. Taussig 


circulation manager, J. D. Howard 


circulation assistant, H. A. Bratkovic 


business manager, B. A. Kloepfer 


advertising assistant, Dale Riser 


I*R ADVERTISING SALES OFFICES 


New York, John Curley 
eastern sales vice-president 
507 Fifth Av., New York 17 

MUrray Hill 2-8130 


Boston, William A. Blair 

new england sales yice-president 
18 Tremont St., Boston 8 

CA 7-8125 


Chicago, David D. McClintock 
midwestern sales vice-president 
200 S. Michigan Av., Chicago 4 

HArrison 7-1794 


Los Angeles, Ronald L. Rose 
western sales vice-president 
6612 Sunset Bivd., Hollywood 28 
HOllywood 2-6893 


INDUSTRIAL RESEARCH: editorial, cir- 
ulation, and advertising offices, 
200 S. Michigan Av., Chicago 4, Ill. 
Vol. 2, No. 4, Aug—Sept. 1960, 
published bimonthly 

by Scientific Research Publishing 
Co. Inc. (Copyright © 1960). 
Copies of I*R on microfilm 

are available from University 
Microfilms, 313 N. First St., 

Ann Arbor, Mich. (See page 4 for 
subscription and other information.) 


STATE-OF-THE-ART ARTICLES 
miniaturization: goal and byproduct . 
Requirements for tiny components, circuits, and 

systems are causing a revolution in design and techniques. 
by Theodore Berland, I*R contributing editor. 


pittalis of new-product development. 
A company organization itself is often a drawback 

to the successful development of new products. 

by Dr. H. L. Garbarino, I*R technical director. 


the abundantrare earths ....... 
New applications of “rare” earths are providing 
incentives for new separational processes. 

by Dr. R. C. Vickery, senior research scientist, 

Nuclear Corp. of America. 


the Borg-Warner research center 
(a photographic portfolio). ....... 


A product-oriented company now is doing research 
in such fields as thermoelectricity and plasma physics. 
by Jon R. Pownall, I-R photographer. 


automated air traffic control. ..... 


Increasing air traffic will strain control facilities 
intolerably unless computers are used to process 

the vast quantity of data for human decision makers. 
by Thomas A. Holdiman, chief of air traffic branch, 
System Development Corp. 


automation upgrades jobs 
—not workers ....... 


Automation has not improved working conditions, 
although it may if labor achieves a greater mobility. 


planning research .......... 


How Shell has developed new products 
based on discoveries that at first were discouraging. 


what kind of plane isthe U-2?7? .... 
Despite its political failure, the U-2 

is an engineering achievement. 

by M. E. Aisanich, I*R assistant editor. 
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WAY BUTYL 


TOPS ALL-’ROUND 


RESISTANCE TO TEAR 
AND ABRASION 


Enjay Butyl offers the highest 
aged tear strength of any rub- 
ber... even after long exposure 
to ozone and heat! Its inherent 
toughness resists abrasive wear, 
in such applications as tires, 
conveyer belts, hose and other 
mechanical goods. 


RESISTANCE TO SUN- 
LIGHT AND WEATHERING 


Enjay Butyl has proven its re- 
sistance to ultra-violet light, 
ozone, oxidation, moisture and 
mildew. Increases life of prod- 
ucts such as weatherstrips, 
garden hose, wading pools and 
automotive parts. 


RESISTANCE TO CHEMICALS 


Enjay Butyl, because of its unique and extremely low 
degree of unsaturation, offers excellent resistance to 
corrosive chemicals. The preferred rubber for tank lin- 
ings, hose, seals, gaskets and other applications where 
exacting chemical resistance is required. 


Vivid 
COLORS 


Enjay Butyl requires no addi- 
tives for quality coloring over 
a wide range of hues. Famous 
for colorability and smooth 
finishes, Butyl has been suc- 
cessfully plastic coated for 
special applications. 


RESEARCH —AUG~-SEPT, 1960 


“ae 
i 
aie 
| 
4 
~ 
4 
x —_ 
6° RAL 


BER 


RMANCE 


DAMPING PROPERTIES IMPERMEABILITY TO 
Enjay Butyl absorbs shock and GASES AND MOISTURE 


vibrational energy more com- 


Enjay Butyl is tops in imperme- 
pletely than any other rubber. asa 


ability to gases and moisture... 
retains air pressure 8 times better 
than natural rubber. Outperforms 
other rubbers in such application 
as inner tubes, jar and bottle 
seals, hoses and inflatable goods. 


Resiliency can be varied in com- 
pounding and processing. Butyl 
is ideal for axle and body bump- 
ers, motor mounts and sound- 
deadening applications. 


The outstanding properties of Butyl Rubber create new horizons for 
the designer, and offer to manufacturers an opportunity to utilize the 
qualities of rubber in applications never before possible. The unique 
properties of Butyl have led to vast improvement in many existing 
products. Technical skills will open the way to countless new uses. 

Butyl is the “idea” rubber with uses stretching as far as the imagi- 
nation can reach. We'll be glad to tell you all about it. Just contact 
the nearest Enjay office. 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


ENJAY CHEMICAL COMPANY 


A DIVISION OF HUMBLE OIL & REFINING COMPANY 


ELECTRICAL RESISTANCE 


Enjay Butyl tops all vulcaniza- 
ble rubbers in electrical and 
dielectric properties ... in resis- 
tance to corona and ozone break- 
down and water absorption. Its 
high dielectric strength insures 
against electric breakdown under 
normal or surge voltage. Its heat 
resistance permits higher current 
flow for a given conductor size. 


HoME OFFICE:15 West 51st Street, 
New York 19, N. Y. OTHER 
OFFICES: Akron « Boston « 
Charlotte « Chicago « Detroit « 
Houston « Los Angeles * New 
Orleans « Tulsa 
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FEEDBACK 


from readers 


instrumentation and control 
Sir 
It was of particular interest to me 
to note that an entire issue of Indus- 
trial Research has been devoted to the 
presentation of material about instru- 
mentation and automatic control. 
Broadening interest in these subjects 
certainly justifies an issue on this sub- 
ject and I am gratified that you recog- 
nize its importance 
You have put together in one issue 
presentations by a number of individu- 
als who are well known for their con- 
tributions. There is doubtless a real 
need for this type of information 
I assume that you will make refer- 
ence to new developments in instru- 
mentation and control and will devote 
another issue to this important subject 
Let me congratulate you on your fore 
sight in preparing this issue, which has 
been done so well 
H. C. Frost 
Director, Long Range Planning 
Corn Products Co 
New York, N.Y 
Sir 
Let me compliment you on the spe 
cial issue. You have assembled a most 
excellent coverage of the subjects that 
are most active today in the control 
field. The people you have writing 
about these subjects are top-notch 
Lloyd E. Slater 
Executive Director 
Fo adation for Instrumentation 
“ducation & Research Inc 
New York, N.Y 


Sir 


I find I-R most daring and interest 
ing. I wish you well. But I know you 
will not have too easy a time. The 
world speaks highly of creativity, but 
any publication which is not historical 
is readily tarbrushed as being conje« 


(continued from page 3) 


notes about the 8th issue 


bility, by Prof. Walter Buckingham 
of Georgia Tech 

Prope rly controlling future air traf- 
fic is impossible with present proced- 
ures, and plans for computers to proc- 


tural, or labeled as science fiction. 
Some magazines will print an article 
that is futuristic once in a while, but 
most will not touch anything that is 
not already in existence. 

I-R is the only magazine that con- 
sistently attempts to interpret the sig- 
nificance of developments to industry, 
and is not too timid to show how new 
developments should be used. For ex- 
ample, your articies on adaptive con- 
trols. 

George H. Amber 
Amber & Amber, Consulting Engineers 
Detroit, Mich. 


Technical motivation 


Sir: 

Good to see the money and time data 
in the June-July issue. (“What Moti- 
vates the Technical Man?”) Later it 
will lead to computation and word 
power. 

Gordon Alexander Speedie 
West Medford, Mass 
Sir 

I read with considerable interest the 
Industrial Research survey results con- 
cerning, “What Motivates the Techni 
cal Man?” A careful analysis of some 
of these results points up some ex- 
tremely interesting, and in some cases 
paradoxical, situations 

First, it is significant that almost all 
respondents believe that the nation does 
need more technical entrepreneurs, but 
their general attitude as reflected in 
other questions seems to be, “let George 
do it."” Many engineers prefer to live in 
an ivory tower rather than concern 
themselves with the day-to-day activi 
ties of the company as a corporate 
entity 

It is also significant that almost all 
respondents believe that engineering 
does not offer nearly the opportunity to 
an engineer to advance as does man 
agement, and a majority of these same 
respondents prefer working in engi 
neering despite the fact that twice as 
many have chosen management rather 
than engineering 

A substantial percentage of the peo 
ple who are in managerial activities are 
doing so because of the combination of 
increased salary, prestige, authority, 


ess flight data are described on page 
61 in Automated Air Traffic Control, 
by Thomas A. Holdiman, chief of air 
traffic for System Development Corp 

I-R takes another photographic tour, 
on page 47, this time to Borg-Warner's 
Research Center. It is the second in a 
series of portfolios on research facili- 
ties, following the Argonne National 
Laboratory article last Apr-May. 

The final article tells What Kind of 
Plane Is the U-2? Involved in the re- 
cent political fiasco, the reconnaisance 
craft is defended by I-R reporter M. E 
Aisanich on grounds of being an engi- 


neering success. 


etc., and not because they necessarily 
want to be managers. 

I feel that one of the reasons they 
don’t want to be managers is that they 
don’t know how to be managers, and 
have never been given adequate train- 
ing in this field. 

With the exception of a very small 
percentage of scientific and technical 
people who are truly creative and in- 
ventive, there is a limit to the economic 
contribution to the net worth of a com- 
pany which can be made by a person 
strictly engaged in engineering work. 
After a certain plateau has been 
reached, an engineer is simply not go- 
ing to be able to make more or achieve 
any greater degree of status, unless he 
is willing to and able to assume super- 
visory and managerial responsibilities. 

The big trouble is that a substantial 
percentage of engineers promoted to 
managerial levels are promoted out of 
dire necessity on the part of the com- 
pany and not because they have any 
special ability to be managers or be- 
cause they have any special liking for 
it. Relatively few good engineers who 
have the technical competence to direct 
the engineering side of a project also 
have the administrative and manager 
ial competence to administer budgets, 
lead and supervise men, and plan and 
forecast for the future 

The entire blame for this kind of a 
paradoxical situation cannot be laid 
entirely at the doorstep of engineers 
and colleges. At least as much respon- 
sibility must go to the technical and 
engineering managers themselves who 
do nothing whatsoever to encourage 
their junior engineers and technical 
personnel to broaden their own educa- 
tion and training. 

In the long run, by spending some 
money and making it a bit easier for 
scientific and engineering personnel to 
get a better understanding of what is 
involved in management, even if they 
haven't been officially pegged for pro 
motion yet, the company will provide 
itself with a much better supply of 
available personnel from which to pick. 

Herbert Halbrecht 
Halbrecht Associates Inc. 
Chicago, Ill. 


continued on page 10) 


Incidentally, reprints of Industrial 
Research survey results reported in the 
June-July issue now are available and 
a copy will be sent free upon request 
For those who missed it, the article 
gives an account of reader salaries, 
academic degrees, engineering or man- 
agement preference, attitudes toward 
their companies, etc. Also included in 
the brochure is a previously unreported 
survey of technical magazine reader- 
ship conducted by the Roosevelt Uni- 
versity Marketing Department. Ad- 
dress the Reprint Editor, Industrial 
Research, 200 8. Michigan Ave., Chi- 
cago 4. 7 
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¢ « « rely on the test and design 


TO PINPOINT 


BRATION 


capabilities of Allied Research. 


Allied Research provides unique diagnostic and remedial 
vibration test capabilities . . . in the laboratory and in the 
field. Engineering services not only include performance 
tests to pinpoint trouble areas, but also include the de- 
velopment of specific design recommendations. 


To perform precise vibration analysis requires experi- 
enced engineers thoroughly familiar with the dynamic 
environmental factors affecting equipment structures. 
Diagnostic testing is performed with meticulous care by 
the experienced vibration staff of Allied Research. For 
example, when dummy structures are substituted for 
components they are analyzed for mechanical impedance 
match and resonant frequencies. Here is typified the 
scrupulous concern with which Allied Research treats 
exacting problems in vibration testing and design 
development. 


Investigate Allied Research's broad capabilities in vibra- 
tion engineering . . . research, development, design, 
testing and equipment manufacturing. Write today for 


advice and assistance on specific problems. 


Allied Research offers immediate key career opportunities 
in 10 technological fields to scientists and engineers. For 
full information, forward your resume in complete confi- 
dence. A booklet describing Allied Research facilities and 
capabilities is also available on request. 


ALLIED RESEARCH ASSOCIATES, INC. 


43 LEON STREET, BOSTON 15, MASSACHUSETTS + GARRISON 7-2434 
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PROBLEMS... 
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BORIDES 


for modern 
industry 
Leadership in high temperature tech- 


nology, symbolized by the NORTON FIRE- 
BIRD, has made possible the production of 


the borides of chromium, titanium and 
Irconium in tonnage quantities. 

In the METAL INDUSTRY, aluminum 
manufacturers utilize the low electrical 
resistivity and high resistance to attack by 


aluminum and eryolite that borides of ti- 
tanium and zirconium provide. Borides 
are ideal boron sources for super alloys 
and nuclear steels . ROCKET ENGINE 
manufacturers take advantage of the su- 
perior resistance to erosion and corrosion 
at high temperatures that zirconium bo- 
ride offers, 

NORTON borides, because of their un- 
usual properties, are being examined 
closely at Research and Development 
level as shapes and coatings for many ap- 
plications. 

In addition, borides of calcium, molyb- 
denum, and vanadium are available on a 
limited basis for evaluation. If you have a 
specific requirement, let’s hear about it. 
Write Norton Com- 
PANY, Electro-Chemical 
Division, 487 New Bond 
St., Worcester 6, Mass. 


Send for booklet 
on borides and 
other Norton 
Electro-Chemicals. 


of the | 


ELECTRO-CHEMICALS 


GIFTS OF THE FIREBIRD: compounds of silicon 


zirconium | ne aluminum « magnesium 


titanium e im ¢ including many borides 
carbides « nitrides ¢ oxides 
75 Years of... 


Making better products... 
to make your products better 
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Technical entrepreneurs 
Sir 

I very much enjoyed the article, 
“The Technical Entrepreneur” (Apr- 
May issue). You have correctly fore- 
cast the direction technical develop- 
ment must take to assure the full eco- 
nomic potential of science. I hope you 
find a way to present these thoughts to 
a much wider audience, including non 
technical people 

John E. Fitzgerald, M.D., Ph.D. 
New England Institute 
for Medical Research 
Ridgefield, Conn. 
Sir: 

I read with interest your article, The 
Technical Entrepreneur, and the ques- 
tionnaire. These facts certainly help 
define in greater detail the audience of 
your publication 

James B. Ash, Director 
Public Relations & Advertising 
Borg-Warner Corp. 
Chicago, Ill 
Sir: 

Congratulations on your excellent 
presentation of a much thought about 
but seldom talked about subject. It 
should serve as a revelation-in-print to 
those members of top management suf 
ficiently interested in reading and ab 
sorbing its contents. I shall accept your 
invitation to request a reprint 

M. D. Granville 
Manager of Purchasing 
Allied Research Associates Inc. 
Boston, Mass 
Sir: 

Your recent article was both chal- 
lenging and informative. While some 
may question the numbers you show 
extrapolating the present, few will dis- 
agree with the thesis that our techno- 
financial structure has forced the de- 
velopment of the engineering executive 
you call “the technical entrepreneur.” 
I enjoy reading your well-written pub 
lication. 

Alan D. Weinberg 
Project Engineer 
Radio Corp. of America 
Moorestown, N. J. 
Sir: 

I feel that the great current need is 
for technical entrepreneurs —a need 
greater than that for scientists or tech 
nical men. Schools have not given 
proper preparation in the liaison nec 
essary to establish relations with the 
rest of the world. We need more men 
of the Edison, Fulton, Morse, and Bell 
types who are promoters, and who 
understand the elements of the tech- 
nology of the product they are pro- 
moting 

I am reminded of the book, The 
Magic of a Name, in which it was made 
clear that both Rolls and Royce were 
indispensable to the development of the 
Rolls-Royce engine. One was an engi- 
neer; the other was a technical entre 
preneur 

Raymond Stevens 

Chairman of the Executive Committee 
Arthur D. Little Ine 

Cambridge, Mass. 


Sir: 

I read the article with great interest, 
but was amazed to find my name among 
the great. This is the only point where 
I disagree with the article 

Jacob Rabinou 
Rabinow Engineering Co. Inc. 
Washington, D.C 


Oceans of business opportunities 


Sir: 
We find Industrial Research ex- 
tremely interesting. The concluding 


paragraphs on the article on the oceans 
struck a particularly responsive note 
with us. I hate to tell you how many 
men from industry have spent a few 
hours or a day with us expecting to 
“come home with tales of great riches 
to be gained in a few months,” unwill- 
ing to face up to the expenditure of 
some money and talent to do the needed 

basic work. 
Hubert Frings 
Professor 
College of Agriculture 
Pennsylvania State Uni. 

Sir 

I enjoyed reading Adm. Momsen's 
article and concur with his feeling that 
there is a relatively untapped source of 
industrial opportunities in the oceans. 

One inaccuracy is worth pointing 
out. He states that every attempt to 
bring up a specimen of life has ended 
in having it explode. Although this is 
true of air-bladder fishes, it is not true 
of most of the invertebrates and bac- 
teria which have been recovered intact 
from depths such as the Mindanao 
Deep. 

The article is well done and I hope 
it spurs industry into further work 
toward unlocking the vast storehouse 
of oceanic wealth. 

Charles Pierce 

U.S. Department of Commerce 
Coast and Geodetic Survey 
Washington, D.C. 


General feedback 
Sir: 

We have been reading your magazine 
with interest and are particularly im- 
pressed, not just with the visual excel- 
lence and the quality of the articles, 
but with the vitality of writing. It is 
refreshing to see such a vigorous ap- 
proach to usually self-consciously dig- 
nified subject matter. 

Phyllis Huggins 
Bendix Computer Dww. 
Los Angeles, Calif. 
Sir: 

Your magazine is very imaginative 
and has put a finger exactly on the 
management problem of the “now- 
future.” One of the most important 
aspects of education not taught in tech- 
nical schools today is the ability to 
communicate and evaluate—not only 
in a thing-minded sense, but also in a 
people-minded sense. Although I don’t 
subscribe to your wonderful magazine, 
I succeed in stealing a copy regularly. 
More luck to you. 

Benjamin Litt 

Administrative Engineer 
Sylvania Corning Nuclear Corp. 
Bayside, N.Y. 
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OUT OF THE LABORATORY 


Forthcoming space exploration wil! require exotic fuels and new concepts in 
energy conversion to keep men alive and equipment operating for long periods of time beyond the 
earth’s atmosphere. Advanced hydrogen systems recently developed by The Garrett Corporation 
have solved this problem of providing the electrical, hydraulic and pneumatic power, plus cooling 
and heating required aboard a satellite or space capsule during launching, outer space 


flight and re-entry... another contribution by Garrett to man’s conquest of space. 


¢ Outstanding opportunities for qualified engineers 


AiResearch Manufacturing Divisions 


LOS ANGELES 45, CALIFORNIA @ PHOENIX, ARIZONA 


OTHER DIVISIONS AND SUBSIDIARIES: AIRESEARCH INDUSTRIAL @ AIRESEARCH AVIATION SERVICE © GARRETT SUPPLY ® AIR CRUISERS 
AIRSUPPLY-AERO ENGINEERING @© GARRETT MANUFACTURING LIMITED © C.W.MARWEDEL © GARRETT INTERNATIONAL 
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Today’s sophisticated buyer of scientific and business 


data processing equipment knows that expandability, 


efficiency, and simplicity of operation must be 
considered right along with speed specifications. at CY Si G x, (> 
The Bendix G-20, with “organization chart” design 3 


offers an optimum combination of ALL these features that you’ 


find in no other system...at any price! To see why, 


compare the G-20 to an efficient business organization, 


The “boss” of the system is the Central Processor... Un th organiza tion 


a very fast digital computer. Unlike other data processors 


which must direct every operation, this boss delegates many of its 


responsibilities to highly skilled “line supervisors,’ called 


control buffers. These units direct input-output operations, data transfers chart design 


and code translations — independently, but under program control. The 


Central Processor remains free to do the work that only it is qualified 


to do... high speed computing, as well as scheduling and directing the 


work flow in the proper order of importance. Means 


This “organization chart” efficiency is what makes the G-20 system 


so fast and economical. It makes multiple, simultaneous operations 


completely practical, and with a minimum of equipment. The G-20’s 


own management skill eliminates most operator decisions. Uneq Ua lled 


Truly modular, a G-20 system can vary in size from medium-scale to very large. 


Note carefully the specifications below. Check them against any other data 


processing system you wish...then compare price. You will see why we can state 


so confidently that the Bendix G-20 offers unequalled: performance for your 


data processing dollar. Write or wire for detailed descriptive literature. perf Or NANCE 


SPECIFICATIONS: MEMORY: Core, to 32,768 words in 4096 word modules. 
EXECUTE +-: 7us. avg., fixed point, one-word precision. 13 ys. avg., floating point, 


one-word precision. EXECUTE x: 49 ys avg., fixed point, one-word precision. 

49 ys. avg., floating point, one-word precision. ARITHMETIC: Built-in floating point, Or Your 
12 decimal digit precision. CiRCUITRY: Solid-state; parallel; 2.5 kva. 

PROGRAMMING: Algebraic compiler or symbolic assembler. INPUT/OUTPUT: 165,000 


character/second max., asynchronous. MAGNETIC TAPE: 120,000 decimal digit/second 
read-write. LINE PRINTERS: 600 words per minute. PUNCHED TAPE: 500 or more 


character/second readers. 100 or more character/second punches. 
PUNCHED CARDS: Standard high-speed 80 column units. CONTROL BUFFERS: 1024 Ah hI 
character memory for data and commands. Controls transmission on-line or off-line. 


Bendix Computer Division 


DEPT. Y-26. LOS ANGELES 45. CALIF. 
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Engineers, Scientists... 


ONE 
visit to the 


opens the door to 
HUNDREDS 
of job opportunities 


Shrine Exposition Hall - on the Harbor Freeway 
During the WESCON Show, Aug. 23-26, 9 A.M. to 9 P.M. 


FREE Career Center SERVICES 


@ Browse through current openings listed by scores of top employers. See movies of 
their actual operations and facilities. 


@ Talk to employer representatives on the spot—in private interview rooms. 


@ Confidential registration. Every employer sees your qualifications—but not your 
name —and you meet only when there is mutual interest. 


@ No placement fees. The Career Center is not an agency. It is a specially planned 
informational facility where employers meet direct with needed talent. 


@ Convenient! 1,200 car parking lot. Continuous shuttle bus service to WESCON (just 
one mile away). 


@ Proved and approved! The first Career Center in New York City last March resulted 
in almost 10,000 personal interviews for engineers and scientists —a high proportion 
at the Master’s and Ph.D. levels. 


If you can’t attend, write for your free copy of CAREER, with more than 100 pages of 
current job leads plus the same confidential registration form used at the Career Center. 
Address: CAREERS, INC., Dept. R, 15 West 45th St., New York 36, N. Y. 


CALIFORNIA SOUTHLAND CQARKER 
CENTER 


THE SHRINE EXPOSITION HALL 


HARBOR FREEWAY EXITS: FROM SOUTH-—37TH ST., FROM NORTH—FIGUEROA 
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THESE MEN BUILT THE PERMACHON . . 


These are some of the men responsible for developing the 
Westinghouse Permachon, an amazing new television 
camera tube witha ““memory’’. The Permachon “‘freezes’ 
whatever it sees, and stores the image to allow detailed 
study or photographing. 


Its applications are exciting. The Permachon will replace 
photo-finish equipment by eliminating the wait for film 
development. Television shows can be “‘frozen’’ while 
the director studies the staging of a scene. It can store 
fluoroscopic X-ray pictures, aid immeasurably in air- 


. NOW, WHAT CAN THEY DO FOR YOU? 


traffic control, and permit detailed study of weather 
radar scopes. 


The talented team of engineers who developed the 
Permachon pick up their paychecks from Westinghouse, 
but they’re really working for you. They belong to a 
special group of Westinghouse “idea men”’, available to 
you at any time, for creative engineering and advice on 
any product. Call on them next time you need help. In a 
hurry? Write, wire, or telephone right now: Westing- 
house, Elmira, N.Y. Phone: REgent 9-3611. 


you CAN BE SURE...1F osWesti nghou se 


Westinghouse Electronic Tube Division, Elmira, N.Y. 
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A TANTALUM CAPACITOR, smaller 

of the two components in the photograph above, 
dwarfs the printed circuit board on which 

it is mounted. Example illustrates 

one of the problems in miniaturization — 
interconnecting components and circuits 

without losing much of the potential reduction 
in size because of space needed for leads 

and component supporting structures 


PAST, PRESENT, AND FUTURE examples 

of circuit packaging are shown at left. 

Three printed-circuit boards, plus miniature 

tubes, have been replaced by the cube in the center. 
The wafer to the right is the next step, 

to be achieved by new concepts in functional design. 
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by Theodore Berland, an /-R contributing editor 


A DESK-SIZED ELECTRONIC GADGET 
for recording the events of a man’s 
life, any of which could be recalled 
at the touch of a button once was 
predicted by Dr. Vannevar Bush, 
who headed the wartime Office of 
Scientific Research and Develop- 
ment. A recent ad for P. R. Mallory 
& Co., Indianapolis, asked, ““Com- 
puters that fit in a briefcase?” and 
went on to answer, ““The progress in 
miniaturization of electronic com- 
ponents now going on may make it 
possible to shrink a computer so that 
it would take no more space than a 
briefcase.” 

Already, computers are desk-sized 
(Burroughs Corp., Detroit; Na- 
tional Cash Register Co., Dayton). 
You can buy a portable wire 
recorder that fits in your hand and 
can operate for four hours ( Mini- 
fon). Hearing aids that fit in eye- 
glass frames (Zenith) or in the ear 
canal (Sonotone, Dictograph, Dahl- 
berg) are being marketed. So are 
truly portable television receivers 
(Emerson Radio & Phonograph 
Corp., Jersey City, and Philco 
Corp., Philadelphia), and 0.7 x 0.9 
x 0.4inch local AM broadcast re- 
ceiver (Idank Assoc., L.I., N.Y.). 


Smalier, but more reliable 

To the scientists and technologists 
who work every day toward making 
things smaller and smaller and yet 


more and more reliable, such tiny 
consumer products are pedestrian. 
They are sparking what Dr. George 
Kozmetsky, of Los Angeles’ Litton 
Industries, has called “that second 
industrial revolution people are 
talking about.”” We have gone from 
miniaturization to subminiaturiza- 
tion to microminiaturization. Minia- 
ture Precision Bearings Inc., Keene, 
N. H., which makes ball bearings 
down to 0.1-inch outside diameter, 
prides itself on the fact that its total 
daily output (500 skilled workers 
on three shifts) weighs only 10 
pounds and fits into a letter box, 
yet represents $20,000 to $150,000. 

The big reason for the small size 
squeeze is the missileman’s head- 
ache: a low payload-to-thrust ra- 
tio. The Pioneer V satellite launched 


on March 11 around the sun (be- 
tween the orbits of Earth and Ve- 
nus) was propelled by a Thor-Able 
vehicle with a thrust of 165,000 
pounds. The aluminum sun satellite 


weighed only 94.8 pounds—includ- 

ing a small retrorocket and an in- 

strument payload of only 9.2 


Tactical missiles carrying an ex- 
plosive as the payload are even 
more of a problem. They must carry 
with them navigational and radio 
equipment, plus the hardware neces- 
sary for operation of the rocket. 

As Prof. John Simpson, the Uni- 
versity of Chicago physicist who de- 
signed half the equipment aboard 
Pioneer V, claims, we have been able 
to compete with Soviet rockets only 
because of miniaturization. “We 
don’t need big rockets. We have the 
ability to do sophisticated experi- 
ments with minimum weight.” 

Other reasons explain the need 
for such tiny items as bearings. 
Those made by Miniature Preci- 
sion Bearings; GM’s New Depar- 
ture Div., Bristol, Conn.; and New 
Hampshire Ball Bearings Inc., Pe- 
terborough, N. H., for instance, are 
responsible for the scaling down to 
one-quarter the size of autopilots 
since World War II. They are used 
in airborne magnetometers for geo- 
magnetic surveys, electronic com- 
puters, midget tape recorders, pre- 
cision anemometers, barometers, 
high-speed painless dental drills, 
high-speed cameras, artificial arms 
and legs, and rotary cutters that 
slice skin layers for plastic surgery. 
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Equaling brain size 

The ideal of all miniaturizers is 
the human body, which one com- 
puter expert described as a 10-cycle 
computer in a 0.1-ton chassis with a 
0.1-hp motor. 

By comparison, however, man’s 
inventions are crude indeed. Dr. 
Cledo Brunetti, who originated the 
term ‘‘microminiaturization” in 
1957, has said that merely to dupli- 
cate the vision of discrimination of 
the human eye would require 60,000 
times as much volume as the few 
cubic inches employed in our bodies. 

The big impetus to miniaturiza- 
tion is space exploration. (Martin 
Co., Baltimore, already has designed 
a UHF radio for the moon ex- 
plorer’s helmet). No wonder experts 
speak of smallness in terms of how 
many parts can be crammed into so 
much space. As an indication of 
progress, here’s what Lt. Gen. Ar- 
thur G. Trudeau, chief of Army 
R&D, said recently: 

“Electronic parts have been re- 
duced in size so that now instead of 
7,000 parts per cubic foot, we can 
pack 350,000 parts in the same 
space; even this figure can be in- 
creased by a factor of 10 in certain 
fuze applications, and even that 
may be only a beginning.” 

A commercial example of today’s 
tightness is Sonotone’s three-transis- 
tor all-in-the-ear hearing aid, which 
has a 398,000 components per cubic 
density. 


The gyro-piloted plane 

Big strides also have been made 
in mechanics. In 1953 a rather revo- 
lutionary thing happened when Dr. 
Charles S. Draper, director of MIT’s 
Instrumentation Laboratory, stepped 
off a B-29 in Los Angeles to attend 
a conference. What made news, four 
years later when the incident was 
declassified, was that human hands 
had not guided the plane en route 
A 2,800 pound gyroscope-centered 
inertial navigation system had di- 
rected the bomber’s course from 
Boston to within a classified dis- 
tance of Los Angeles (believed to 
be 20 miles). 

In 1956, Dr. Draper’s lab began 
testing a smaller system weighing 
1,500 pounds. Specifics of today’s 
inertial guidance systems for Thor, 
Titan, and Polaris are secret, but 
according to Wright Air Develop- 
ment Div., the last several years 
brought a 10-to-one reduction in 
size and weight. 

One of the reasons for the reduc- 
tion was the small gyro. Because 
gyros in use today are classified, we 
can only talk of gyros made three 
years ago. One weighs 334 ounces 
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and measures 2 x 1 inches. In prac- 
tice, three such gyros and their 
torque sensors are mounted along 
each axis to form a stabilized plat- 
form that is packed into a 3%\¢-inch 
sphere. Inside are the half-inch gyro 
rotors spinning on jeweled bearings 
in windless helium atmospheres at 
8,000 to 12,000 rpm. 


Tolerances in microinches 


Such smallness and high perform- 
ance bring more and more problems 

such as close tolerances. Draper 
recently told the American Assn. for 
the Advancement of Science that 
while specifics could not be talked 
about publicly, “One mile may be 
taken as a typical uncertainty limit 
for useful inertial reference systems. 
The allowable drift rate corresponds 
to one minute of grec per hour. To 
meet this, the deviation of the cen- 
ter of mass must average less than 
one-tenth of one microinch.” 

Such tolerances once were impos- 
sible, then routine, and now have 
been surpassed. 

Miniature gyros must be able to 
stand up under severe missile en- 
vironments, and testing increases 
the cost. Leach Corp., Los Angeles, 
for instance, builds a tough little re- 
lay for Nike missiles. If tests weren’t 
required, the relays would sell for 
$25 apiece. But with the require- 
ment that each must be operated 
10,000 times without failure and 
with routine environmental testing, 
the cost of the relays jumps to $100 
apiece. 

Or, take transistors. Of every 100 
used by Lockheed for its tiny new, 
nine-pound missile and satellite TV, 
only seven to 10 pass their tests; the 
rest must be discarded. So rugged is 
the final $15,000 TV system—which 
can transmit a commercial-quality 
picture at 1,000 miles—that it can 
withstand a 40g shock and 10g vi- 
bration. 

Dr. Harper Q. North, president of 
Pacific Semiconductors Inc., Culver 
City, Calif., has said of a new micro- 
diode that “Our first units were too 
small. They looked like a speck of 
dirt on a piece of wire.” How could 
color stripes be painted on for iden- 


tification? (A small glass sleeve was 
slipped over it.) 


“ The diode takes up only 2% of 


the space, yet is electrically equiva- 
lent to larger transistors. The heart 
of a diffusion transistor is a layer 
of silicon or germanium only 50- 
millionths of an inch thick; the 
heart of a tunnel diode is a dot of 
semiconductor 0.003-inch in diam- 
eter. The crystal that makes the 
smallest semiconductor work repre- 
sents only 5% of its total volume! 


The clumsy hand 

Throughout the miniaturization 
“industry,” companies are turning 
to model-making techniques. The 
human hand is clumsy at these 
scales, and tweezers manipulate 
parts while small hypodermic sy- 
ringes apply lubricant. Rows of just- 
showered women, clothed in lintless 
caps, gowns, gloves, and shoes sit at 
microscopes. Sometimes they are 
masked like surgeons. They peer 
through the lenses intent on the tiny 
things on which they’re working. 

In such assembly rooms, said 
Horace D. Gilbert, Miniature Preci- 
sion Bearing president, “one sneeze 
can ruin a whole day’s work,” be- 
cause a globule of water can rust a 
bearing (they start at 0.375-inch di- 
ameter and get smaller). A beam of 
sunlight can get it out of round. 
Dust can stop a bearing like a bale 
of wire can stop a trcin, so all air 
that enters is passed through filters 
which remove particles larger than 
a millionth of an inch (Bendix 
claims a 12-millionth of an inch) 
and is controlled for temperature 
and humidity. 

Such absolutely clean assembly 
rooms—into which workers enter via 
air locks—are a symbol of minia- 
turization. You can see the same 
set-up at Bendix, New Hampshire 
Ball Bearings, MIT, Bell Telephone 
Labs., and every other concern in 
the field. 

Another added expense to minia- 
ture parts is the material of which 
they are made. As examples, semi- 
conductor materials must be 
“grown” in labs as pure whiskers or 
zone-refined; many gyro parts are 
made of pure, highly toxic beryl- 
lium; and the vacuum-melted steel 
that goes into tiny bearings sells for 
$5.67 a pound versus cold-rolled 
steel at 24¢ a pound. 

Here are other examples of minia- 
turization prices: ball bearings ordi- 
narily sell for pennies apiece; in 
miniature form, they go for $2 to 
$5; a 29¢ potentiometer scaled down 
to half-inch size jumps to $6.50. 

With some idea of the need for 
smallness and the problems it brings, 
let’s now take a closer look at minia- 
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turization of mechanical and elec- 
tronic components. 


The first miniature machine 
The first success at miniature me- 


chanics was the invention in 1511 


by Peter Henlein of Nurenberg of 
the mainspring clock, which re- 
corded hours. The first basic change 
in watch movement since then is 
Hamilton Watch Co.’s (Lancaster, 
Pa.) electric wristwatch. Replacing 
the spring is a midget motor (made 
of 121 feet of 0.0006-inch copper 
wire) and tiny contact points that 
make and break the circuit 216,000 
times a day. Advantages claimed are 
high accuracy and one-third fewer 
parts than the conventional watch. 

The electric watch was made pos- 
sible by tiny mercury batteries, such 
as those made by P. R. Mallory and 
which also power hearing aids and 


other electronic products. Mallory’s » 


0.3 x 0.125-inch battery is the 
world’s smallest. Other small bat- 
teries are made of nickel-cadmium, 
by such manufacturers as Sonotone. 

Another approach to compact 
power is represented by Martin’s 
SNAP III radioisotope electric gen- 
erator, which weighs five pounds, 
yet has a capacity equal 1,500 
pounds of nickel-cadmium batteries. 
Then there’s SNAP II, Atomics In- 
ternational’s (Canoga Park, Calif.) , 
200-pound, three-kilowatt nuclear 
reactor. 


Silicon solar cells as small as 2 x ® 


0.05 centimeters (Texas Instru- 
ments Inc., Dallas) have been used 
to charge the batteries in such satel- 
lites as Pioneer V and in hearing 
aids. And, for the future, thermo- 
electric devices promise to be ex- 
tremely compact sources of power. 

SNAP III was the 1958 winner of 
the Miniaturization Award given 
annually for the last three years 
by Miniature Precision Bearings. 
Among other winners last March 
was a 36,000-to-one gear reduction 
train that occupies one cubic inch. 
It was developed and manufactured 
by Bulova Research & Development 
Labs Inc., Woodside, N. Y., for a 
servo system used to ground-check 
the Army’s Jupiter missile guidance 
system. 


Problem of the automobile 

Another winner was a servo- 
hydraulic motor made by Bendix, 
which occupies one cubic inch and 
develops 0.3 hp at 6,000 rpm. 

The automotive industry was one 
of the last industries to adopt mini- 
aturization—partly because of cost. 
G. W. Lewis, manager of mechanical 
engineering at the Electric Autolite 
Co., Toledo, believes that a minia- 
turized electrohydraulic system is 


the only way to “lick the space prob- 
lem posed by the topsy growth of 
hybrid accessories . . . It’s a way to 
simplify many systems found in 
automotive designs.” 

His firm has test-driven a minia- 
turized central hydraulic pump en- 
ergized by a tiny transistor amplifier 
to yield one-eighth horsepower. 

Other examples of mechanical 
miniaturization: 

s Tiny gears—1/30th of an 
ounce—with teeth the size of sugar 
grains (for servos) are ground to 
tolerances of 0.0901 inch on the pro- 
duction lines of Bowmar Instrument 
Corp., Ft. Wayne, Ind. 

= A 1.4 x 0.68-inch events indi- 


cator, including magnetic actuator, 
precision gear train, and dial, re- 
cords the number of times airborne 
electrical equipment is operated 
(made by Elgin Micronics, Elgin, 
Ill.). 

s G.L. Collin Co.’s (Long Beach, 
Calif.) 0.75 x 1.5-inch displacement 
transducer. 

= A new punched-tape reader 
40%, smaller in size and weight than 
previous models now is made by 
Teletype Corp., Chicago. 

Small d-c motors have become 
household items, being used in such 
toys as self-powered autos, whales 
that spout, and outboard motors 
that speed in the bathtub. These 
are crude by comparison with tiny 
gyro motors made by Minneapolis- 
Honeywell (Miami), Sperry Gyro- 
scope, and Westinghouse Electric 
Corp. (Air Arm Div., Baltimore), 
or such items ag, Globe Industries’ 
(Dayton, Ohio}*0.4375 x 0.875 x 
1.875-inch, 1.7-ounce d-c motor 
which runs at 22,000 rpm, or its 1.07 
x 1.32-inch, 2.4 ounce, 400 or 60- 
cycle a-c motors. 


Tiny controls 

Also pervading the miniaturiza- 
tion field are tiny controls. Some 
examples: Dynamic Instrument 
Corp.’s (Westbury, Long Island, 
N. Y.) smallest magnet brake (0.875 
x 0.405 in., 0.7 ounce) which can 
stop in excess of a million times; 
G. H. Leland Inc.’s (Dayton) small- 
est two- to 12-position rotary switch 
(1.5 x 1.375 inches) which repre- 
sents an 80% reduction from pre- 
vious models; Minneapolis-Honey- 
well’s (Freeport, Ill.) 0.5 x 0.35 x 
0.2-inch, 1/28-ounce, smallest snap- 
action electrical switch; and the 
diameter hearing-aid vari- 
able resistor made by CTS of Ash- 
ville Inc., Asheville, N. C. 

The tape recorder itself was a 
miniaturization concept, since it 
represented quite a reduction in 
size and weight, yet improvement in 
quality, over disk recorders. Ampex 
Corp.’s (Redwood City, Calif.) MR- 
100 is a two-channel, 20-pound unit 
that holds 1,400 feet of tape and has 
survived flights, pe-entry, and im- 
mersion in the ocean in Atlas and 
Thor nose cones. Leach Corp.’s 
(Compton, Calif.) 2.5 x 3.25-inch 
instrument can record and play 
back 14 to 16 channels of data; and 
Precision Instrument Co.’s (San 
Carlos, Calif.) 5 x 4 x 2-inch, 214- 
pound unit holds 850 feet of tape. 

Also new in the world of the small 
are light bulbs. The world’s small- 
est, mass-produced by Sylvania 
Electric Products Inc., Salem, Mass., 
is 0.125 x 0.040 inch with a 30-turn 
filament of 0.00025-inch wire. 
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Lights for medicine 

Slightly larger is American Cys- 
toscope Makers Inc.’s (Pelham 
Manor, N. Y.) 0.315 x 0.065-inch 
bulb for medical telescopes. It can 
be inserted into small body open- 
ings such as bladder necks 

The smallest 150-watt bulb, by 
General Electric, Cleveland, is 2.25 
x 0.5 inches, and while developed 
as a wingtip lamp for jet aircraft, 
its operating principle may find ap- 
plication in higher power lamps. 
This is the non-blackening iodine 
regenerative cycle, in which tung- 


MINIATURIZATION CANDIDATES AND THEIR RUNNING 


sten vaporized from the filament 
during burning is deposited back 
on the filament instead of onto the 
inside of the bulb. 

In the 12 years since its discov- 
ery, the transistor (see I-R, Spring 
and Summer, 1959) has become the 
backbone of the $9-billion electron- 
ics industry. Last year, the U. S. 
produced 47 million units and Japan 
80 million. While transistors have 
sparked electronic miniaturization, 
circuits also require other compo- 
nents, and a strong effort has been 
made to miniaturize these as well. 
Recently, Bell Lab scientists de- 


| 


veloped a tiny solid-state ‘“‘electro- 
lytic’ capacitor of tantalum and 
magnesium oxide, which P. R. Mal- 
lory now produces. Long-lived and 
stable, 1,500 microfarads can be 
packed to the cubic inch. 

Other examples of elf-electronics 
are Arthur C. Ruge Associates Inc.’s 
(Hudson, N. H.) 0.1 x 0.25-inch 
thermal probe; Gulton Industries 
Inc.’s 0.1-inch bead thermistor; 
Hughes Aircraft Co.’s pinhead nu- 
clear radiation detector; Sperry Gy- 
roscope’s compact klystron for the 
Nike-Zeus anti-missile missile; the 
very low-noise MASER ruby am- 


MATES, with which they are often compared, left to right above, are a 


snap-action electrical switch on a freckled nose; a complete electronic circuit consisting of ceramic modules being exam- 


match; a digital-computer logic unit and a ring; a new sputtered-film circuit with nail clipper; and an insect-like, adjust- 
able air capacitor on the back of a hand. In the bottom row are micromodule capacitors and a cigaret; a ferrite inductor 


developments of Minneapolis-Honeywell, GE, RCA, MIT-trancis Assoc., Bell Labs, Miniature Precision Bearings, P. R. 
Mallory, Sonotone, Stanford Research Inst., and Johanson Mfg. Corp. The first step in miniaturization is reducing the size 
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plifier; and Servo Corp. of America’s 
small infrared detectors. 

Not to be outdone, and because 
they meet some needs transistors 
can’t duplicate—such as applica- 
tions requiring higher power—elec- 
tron tubes also are shrinking. Wit- 
ness RCA’s thimble-sized ‘“Nuvis- 
tor” (meaning new look). 


Building miniature circuits 


To match the revolution in small 
components, new ways of building 
circuits have been contrived. Bulky 
metal chassis, long leads, and solder 
globs had to go. With such fine- 


grain film as Eastman Kodak’s 
high-resolution plates and Burke & 
James’ (Chicago) Yale camera, con- 
ductors and resistors are photo- 
graphically printed onto an insulat- 
ing background. 

Or there is the vacuum-deposited 
method used by Denver Research 
Institute, Martin, and Varo Manu- 
facturing, where thin metallic films 
are evaporated onto insulating ma- 
terial. 

Recently, David A. McLean, of 
Bell Labs, “‘sputtered”’ an entire cir- 
cuit by first laying a thin film of 
tantalum in an intricate pattern on 


a ceramic base to form the connect- 
ors. To form a printed capacitor, he 
made an anode of sputtered tanta- 
lum, overlaid it with an oxide dielec- 
tric layer, and then completed it 
with a third layer of gold. Resistors 
were made of sputtered tantalum in 
lines 0.001 inch thick, and 0.001 
inch apart. 

In its attempts to miniaturize, 
U. S. electronics firms have taken at 
least six approaches, listed below, in 
order from available today to avail- 
able in the future: 

Packaged electronic circuits. From 
experience with then-highly minia- 


ined by a small white rat; an enlarged experimental tunnel diode with similarly enlarged human hair; and a new electron 
tube that fits into a thimble. In the middle row are a spoonful of micromodule circuits; a tunnel diode compared to a 


r 


for logic circuits resting on a dime; a postage-stamp-sized, three-stage, hearing-aid amplifier; a miuature bearmg stuck to 
a thumb; a spider stalking a bearing; and a bearing passing (like a poor man) through the eye of a needle. These are 


of components. The next problem is putting them together. Bulky chassis, long leads, and suider globs had to go. Firms 
have taken at least six approaches toward miniaturized circuits, some available today, others of promise for the future. 
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turized proximity fuzes (8,000 parts 
per cubic foot), Centralab, Milwau- 
kee, developed the concept of mak- 
ing tiny printed resistor-capacitor 
components sealed in ceramic, then 
added tubes and later transistors to 
form tiny circuits 

Until recently its TA-12 was the 
smallest four-stage amplifier ever 
built, with a density of more than 
half-million components per cubic 
foot. The unit, measuring only 0.531 
x 0.228 inch, contains 12 resistors, 
five capacitors, four transistors, and 
necessary conductors. The amplifier 
was made by printing conductors 
and resistors on a thin (0.020-inch 
ceramic base, attaching transistors, 
each isolated in a ceramic wedge, 
idding a capacitor wafer, and en- 
closing all in a metal shield. 

Semiconductor solid circuits. Ac- 
cording to Jack S. Kilby, of Texas 
Instruments, solid 
formed on single-crystal semicon- 
ductor wafers, each performing the 
function of a standard circuit that 
ises several conventional elements 
By metallic evaporation, alloying, 
and chemical forming, “paths are 
fashioned on and through each wa- 
fer to produce active elements such 
as transistors, nonlinear elements 
such as diodes, and passive elements 
uch as resistors and capacitors.” 
This, he says, reduces the number of 
contacts between dissimilar m»teri- 
als and raises inherent reliability 


basic electronic 


By providing 
building blocks that can be repeated 
such as resistor, RC network, ca- 


pacitor, transistor, or diode—th> TI 
system is especially suitable for 
computers. A multivibrator, for ex- 
imple, measures 0.25 x 0.12 x 0.03 
inch, making a density of from five 
to 50-million parts per cubic foot. 
But until solid-state inductors can 
be made, “the wrist radio is still 
out of reach,” Kilby believes. 
Thermionic Integrated Micro- 
Modules (TIMM). Developed by 
GE at Schenectady, the TIMM are 


a system of tiny and flat ceramic> 


vacuum tubes stacked with capaci- 
tors and resistors as one-third-inch- 
diameter wafers. Instead of trying to 
get rid of tube heat, TIMM confines 
it, puts it to work, and operates at 
700° C. 

A typical circuit 2.6 inches long 
contains 10 diodes, 14 triodes, 14 
resistors, and six capacitors, for a 
density score of 250,000 components 
per cubic foot. A conventional semi- 
conductor version of this circuit, 
claims GE, would be 10 times as 
large and would be limited to oper- 
ating temperatures of —55 to 71 C. 

The subminiature electron tubes 
have no filaments and are self-bias- 


circuits are> 


ing. Resistors are a film deposited 
inside evacuated and sealed ceramic 
insulators; 5,000 ohms per wafer are 
possible. Capacitors use a synthetic 
mica dielectric. 

Commercial production, accord- 
ing to GE’s preliminary announce- 
ments, is due at the end of this year 
or early in 1961. 


To postage-stamp size 


Microelectronics. The Army’s Di- 
amond Ordnance Fuze Labs 
(DOFL), Washington, D. C. has a 
three-year old program to reduce 
circuits to two-dimensional postage- 
stamp-sized wafers. This concept of 
building components with printing 
and photo-lithographic processes 
and bits of semiconductors on half- 
inch squares of 1/50-inch steatite 
ceramic won MPB’s first Miniaturi- 
zation Award in 1957. 

So far DOFL has employed it 
mainly in weapon-computer circuits. 
Printed on the wafers are conduct- 
ors of silver ink, resistors (10,000 
ohms per square) of boron triflu- 
oride piperidine complex and car- 
bon-black ink, and capacitors of 
alternating reduced and unreduced 
barium titanate (a complete capaci- 
tor for a binary computer measures 
0.1 x 0.1 x 0.008 inch). 

Semiconductor crystals already 
mounted on tiny plates are dropped 
into previously etched recesses in 
the steatite, and aluminum is then 
vacuum-deposited to form the leads 

Such components can be packed 
a million to the cubic foot. Several 
manufacturers reportedly will begin 
producing the DOFL wafers, nota- 
bly Sprague Electric Co., North 
Adams, Mass. 

Micromodules. The “dice” com- 
ponent RCA developed under a 
$7.4-million, two-year contract with 
the Army Signal Corps is somewhat 
similar to DOFL’s. Its one-third- 
inch-cube encapsulated circuits are 
made of 0.016-inch-thick ceramic 
wafer printed components on which 
are mounted parts such as Mallory’s 
tantalum capacitor or General In- 
strument Corp.’s germanium diode. 

So far, densities of 600,000 com- 
ponents per cubic foot have been 
achieved. Because each “die” oper- 
ates as a complete circuit—as am- 
plifier or oscillator—each can be 
replaced easily. Each die has a 
set of gold-plated pins (made by 
Molded Insulation Co., Philadel- 
phia) for quick disconnect. 

Micromodules already are being 
used by Republic Aviation Corp., 
Long Island, New York, for the 
guidance system of the Army’s 
Swallow reconnaissance drone mis- 
sile. Also, RCA’s Summerdale, N. J., 
plant has started to manufacture 
them commercially and hopes micro- 
modules eventually will find use in 
flat-wall TV, miniature radios, and 
desk-top computers. 


From materials to amplifiers 
Molecular electronics. The excit- 
ing joint venture of Westinghouse 
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Electric Corp. and the Air Force 
has the aim of coaxing molecules to 
behave like amplifiers or oscillators. 
“Molectronics” is more than new 
packaging. It eliminates today’s con- 
cepts of transistors, connectors, etc., 
by making a hunk of substance an 
electronic device, using the mate- 
rial’s electrical fields, charges, and 
spins. 

Much of this concept rests on 
Westinghouse’s experience in grow- 
ing pure germanium whiskers in 
one-eighth-inch-long, thousands-of- 
an-inch-thick “dendrites.” Pieces of 
such semiconductor material are 
etched, alloyed, plated, diffused, and 
subjected to radiation until different 
parts of the same material have re- 
sistance, capacitance, and amplifi- 
cation “domains.” 

Westinghouse already has exhib- 
ited such devices as a dime-sized, 
five-watt, 0-to-20,000 cycle amplifier, 
pencil-eraser-sized blocks that serve 
as multivibrators, and thumbtack 
rectifiers for converting 110 volts a-c 
to nine volts d-c. These devices are 
expected to be in missiles use five to 
10 years from now. 

A big hurdle is miniaturizing mag- 
netic components. Now, computer 
designers are breaking through. The 
Aeronutronic Division of Ford Mo- 
tor Co., Newport Beach, Calif., has 
developed MIND (Magnetic Inte- 
grating Neuron Duplicators), a 
quarter the size of a penny, modeled 
after the human nerve cell to per- 
form computer-memory functions. 

Stanford Research Institute has 

¥ developed tiny magnetic logic units 


using ferrite coils and cut-outs. Bell 
Labs’ Supermendur, an iron-cobalt- 
vanadium alloy that has exceptional 
magnetic properties for miniaturized 
uses, can be rolled to 0.0003-inch 
thicknesses. 
Desk size or brain size? 

How far are we from scaling com- 
puters to brain or even desk size? 


A long way. Here are some ad- 
vanced examples: 


Roll Back 
The 
Thermal 


“4 


Barrier 


come 


Usual Operating 
Alloy Temperature 


with CHROMALLIZING 


Oxidation and thermal shock resistance of metals used in jet engines and 
similar superheat applications are greatly improved with CHROMALLIZ- 
ING. The patented and proven process of diffusing chromium with other 
elements into the surface provides an alloy case which is integral with the 
base metal. It can’t peel or flake; the chromium and other elements diffuse 
uniformly into recesses, pores, cracks and even blind holes. 


Operating Temperature of 
CHROMALLIZED Alloy 


tron Base 
(including 
stainless 
steels) 


1500° F 


hours at 19. 


SA CHROMALLIZED 310 and 321 stainless steels show 
no failure after 18 
phere containing lead bromide and lead sulfide. 


F in an atmos- 


Nickel Base 


U CHROMALLIZED nickel base alloys are unattacked 
ofter 200 hours at 2000° F. 


Cobalt Base 


SAC CHROMALLIZED cobalt bose alloys ore un- 
attacked after 150 hours at 2200° F. 


Molybdenum 


2800° F, 


sion, oxidation and wear. 


A recent Chromalloy development, IOCHROME (99.997 % pure chromium), 


is a basis for chromium alloys for use at 2500°F. 


ELmwood 8-5900 


W-2 CHROMALLIZED molybdenum shows no failure 
after 400 hours at 2350° F, after 48 minutes ot 
and after one minute at 3400° F. 


Ordinary steel can also be chromallized to provide resistance to corro- 


Write for illustrated BULLETIN 24 


hromalloy corporation 


169 Western Highway * West Nyack, N.Y. 


CHROMIZING CORPORATION, LOS ANGELES, CALIFORNIA 
PROPELLEX CHEMICAL DIVISION, EDWARDSVILLE, ILLINOIS 
Propellants, cartridge actuated devices, explosives and special chemicals. 
ELYRIA FOUNDRY DIVISION, ELYRIA, OHIO. Quality gray iron castings. 
SINTERCAST DIVISION, YONKERS, N. Y. Machinable carbides & nuclear materials. 


INDUSTRIAL RESEARCH—AUG-SEPT, 19%0 2B 


q 
=. 
# 
— 
— 
¥ \ : 
A 
d | 
| War 


® 
Ing 


For FASTER, MORE PRODUCTIVE filtration of fruit juices and 
. this virtually 100% 
advantages as a filter medium in processing applications. 

SOLKA-F Loc 


foods. . pure cellulose offers important 


is easy and economical to use . . . only small 
quantities are required to “‘trap’’ the most minute suspended 
solids and produce maximum yields. Its fibrous structure ef- 
fectively retains pulp particles and at the same time greatly 
increases the rapid, steady flow of juice. And the pomaces 
are exceptionally low in moisture content. SOLKA-FLOC is so 
soft and resilient—it is completely non-abrasive to extrac- 
tion equipment. Since it is non-contaminating, filter cakes 
may be used as by-products. 

Whether 
processing, beverages, pharmaceuticals, chemicals, textiles, 
chromatography, or any other field get the facts about 
SoLKA-FLoc. Write Dept. FR-9 at our Boston Office. 


your extraction or filtration problem is in food 


I 
Another Quality Product Of | 
BROWN COMPANY |! 
150 Causeway St., Boston 14, Mass., Dept. FR-9 | 
Please send me SOLKA Fact Folder. J 
NAME TITLE_ 
ADDRESS__ _CITY STATE___. 


RCA’s experimental logic unit of 
grooved silicon that fits in a needle 
eye packs 100-million units to the 
cubic foot; American Bosch Arma 
Corp.’s (Garden City, N. Y.) 
quarter-inch computer adder rates 
600,000 parts per cubic foot; MIT- 
Francis Associates’ complete 14- 
pound computer unit that is one- 
fourth the size of the best packaging 
today is 125 components per cubic 
inch; and Fairchild Semiconductor 
Corp.’s (Mountain View, Calif.) 
micrologic flip-flops (see front cover 
of this issue) occupy only 5% of the 
volume of preceding transistor logic 
circuits. 


Superultramicrominiaturization 

Before we duplicate biological effi- 
ciency, we will have to content our- 
selves with probing the secrets of 
life. Toward this end, there are such 
tiny devices as the RCA radio pill, 
a capsule FM transducer-transmit- 
ter that is swallowed to broadcast 
information about the intestines; 
transmitters attached to the teeth 
for studies of night grinding; heart 
stimulators that hang from shoulder 
straps and keep their wearers alive; 
and tiny probes that record pulse, 
blood pressure, respiration, and tem- 
peratures of astronauts. 

Some scientists are working on re- 
placing faulty organs with tiny elec- 
tronic equivalents. Groups at GE 
already are studying the basic hu- 


man electronic mechanisms that 
stimulate muscles. 
To achieve envisioned “ultrami- 


crominiaturization,” Jack DeMent, 
president of the Portland, Ore., lab- 
oratories that bear his name, sug- 
gests the day will come when we will 
be building circuits by placing crys- 
tals of substance between the lines 
of diffraction gratings (30,000 lines 
per inch) and in micron-diameter 
holes of micropore filters. 

That day may come. And so may 
the one in which we will have Dr. 
Bush’s desk-sized life recorder. But 
in between will be many hard hours 
of stumbling in uncharted fields. s 


“As nearly as I can make out, 
it says, ‘Yankee, go home.” 
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The Richmond Arsenal was producing thousands of 
rockets for the Confederacy and experimentations on their 
deadly missiles were still underway as late as 1865. 

Today, as a vital part of one of the world’s largest elec- 
tronics companies, Raytheon’s Missile Systems Division is 
making significant contributions to the art of missilery. The 
exciting new Pin Cushion Project for selective missile identifi- 
cation, the constantly advancing Navy’s air-to-air 
SPARROW III and Army’s HAWK are examples of their 
outstanding creative work. 

We are seeking highly creative people to maintain 
Raytheon’s leadership in this challenging field. For these 
people, Raytheon’s Missile Systems Division creates a 
climate for talent — perhaps your talent. 


/ 


REBEL ROCKET OF 6I 


ENGINEERS: immediate openings in Data Handling — 
Circuit Design — Packaging — Electro-Mechanical Design 
— Systems Test Test Equipment Design — Systems 
Analysis — High Power Radar Design — Microwave Tube 
Application — High Voltage Power Supply — Modulators 
— Microwave Design — Systems Design — VHF Circuit 
Design — Operations Analysis — Radar Systems and 
Mathematicians. 

Please apply to Mr. W. F. O’Melia, Employment Manager, 
Bedford Laboratory, Missile Systems Division, Raytheon 
Company, Bedford, Massachusetts. 


178 


MISSILE 
SYSTEMS 
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... creates a climate for talent. 
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THE 
YEARS 
OF 

FLOORING 


ARE 
MEASURED 


IN 
FEET 


STEP UP TILE QUALITY 
WITH CUMAR RESIN 


grades, are ideal processing aids, softeners and ex- 


“CUMAR” Resin offers great advantages in tile com- 
pounding. Resistance to grease, water, alkali, caustic 
cleansers, soaps and bleaching agents, together with its 
compatibility with other compounding ingredients, 
makes “CUMAR” Resin desirable for clean, long-life 
flooring. And ““CUMAR” Resin reduces batch stiffness, 
greatly improves ease of compounding and helps meet 
indentation specifications. 


“CUMAR™ 


Resins, available in a wide number of 


tenders. They provide successful and economic solu- 
tions to production problems in the manufacture of 
varnishes, floor tile. natural and synthetic rubber 
products, printing ink, adhesives and waterproofing 
materials. 

If you desire resins with specific melting points o1 
other properties, call our local representative—or 


contact us direct. 


PLASTICS AND COAL CHEMICALS DIVISION 


Dept. 
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PITFALLS 


NEW PRODUCTS, 


many companies would die. Among 
other problems, management is faced 
with keeping the company competi- 
tive in its present product line, main- 
taining adequate profits, keeping the 
help contented, and reducing pro- 
duction costs. The need to conceive, 
develop, produce, and market new 
products is a long-range manage- 
ment responsibility in danger of 
neglect. 

Some companies are formed to ex- 
ploit new ideas and devices, but most 
medium- and large-sized companies 
are undergoing a continuous evo- 
lution—modifying, developing, re- 
tooling, and reorganizing. 

Problems of a new product involve 
costs, design features, quality con- 
trol, sales appeal, distribution chan- 
nels, etc. A company is most likely 
to ask itself these questions: 

Does the product use the present 
engineering, production, and mar- 
keting capabilities of the company 
to a reasonable degree? Is the prod- 
uct a suitable addition to the com- 
pany’s line? Is there a promising 
market? What are its different uses? 

But these queries reflect only sec- 
ondary considerations, and unless 
management recognizes the fact, 
many potential new products will be 
stifled. 

The major problems in obtaining 
new products are getting the ideas 
for them in the first place, and then 


of new-product development 


by Harold L. Garbarino, teclinical director, Industrial Research 


successfully running them through 
the obstacle course from conception 
to marketplace. 

A potential new product may 
never make the grade because of neg- 
lect, or even sabotage, a technique 
sometimes used when a development 
project arouses active antagonism. 
Although companies must have new 
products, their organizational char- 
acteristics simply are not suited to 
the need. 


Scarcity of new ideas 


Ideas for new products are some- 
times scarce. An idea may be an old 
one which lacks only effort and per- 
severance to bring it to fruition. Or 
an idea may appear impractical, but 
at the same time have the essence of 
a valuable and potential product. A 
young idea is a delicate thing. It 
must have a favorable environment 
to appear, the necessary conditions 
being creative people and a seeking 
or receptive management. 

“Management can bring out crea- 
tive effort, and management also can 
stifle creative effort,” according to 
Joseph A. Anderson, general man- 
ager of GM’s AC Spark Plug Divi- 
sion. He adds that “creative ability 
makes it necessary to experiment 
with novel ideas that are often un- 
sound.” The danger exists that a 
competent manager might not per- 
mit the degree of freedom favorable 
to creativity. 
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A company often establishes a se- 
ries of conditions for initiating and 
carrying out the development of a 
product based upon a promising 
new idea. After a project is started, 
it is subject to continuous evalua- 
tion, and may be stopped at vari- 
ous points. A development program 
should be stopped in some cases, 
such as when: 

s Competition introduces a prod- 
uct better than the one under devel- 
opment. 

= The need for the prospective 
new product ends because of a 
change in the economy. 

® Management is misled concern- 
ing the merits of the approach. 

® Costs are found to be too high, 
a fact which could not have been 
foreseen readily at the beginning. 

= The patent position turns out 
to be unfavorable, with little hope of 
solution. 

= The company discovers that 
another firm’s product performs the 
same function, and the projected 
competitive position doesn’t look 
good. 

Any of these conditions might be 
a valid reason for stopping a product 
development. A company’s goal 
should not be to avoid starting pro- 
grams that might have to be stopped, 
but rather, to plan each program in 
such a way that their feasibility is 
evaluated with minimum cost. 


New product obstacle course 

Sometimes a prospective product 
is evaluated best by starting the 
development before the usual pre- 
liminaries: lengthy market survey, 
patent search, authorization of di- 
rectors, the research department's 
mathematical analysis, a series of 
management committee meetings, 
and other hurdles. Taken all to- 
gether, they can delay or kill many 
a product idea. Starting the develop- 
ment should be considered as a pos- 
sible way to get information at rea- 
sonable cost in a short time. 

At times an idea for solving a need 
arises easily; the hard part is to start 
the project and to come up with 
something that works, no matter how 
crude. Many preliminary models of 
a product have created enthusiasm 
where indifference existed before. 
But a prospective product may be 
judged too harshly because of a mod- 
el’s shortcomings. 

Let’s take a closer look at the 
obstacle course to be traversed by an 
idea after it passes starting require- 
ments. The following examples do 
not represent rational reasons for 
delaying or stopping a new product, 
but they exist nevertheless. 

Take the case of the new thermo- 
electric refrigerating system being 


&DSE&t car tried for two years to gain a foothold, but failed. 
Its design and promotion were guided by market research. 


Several years ago, Ford Motor Co. started engineering and market re- 
searching two new cars. One turned out to be a dismal failure, the other a 
phenomenal success. You probably have never seen the car shown above at 
left. It’s a 1960 Edsel. Only 2,846 were built before it was discontinued last 


November. 


As it turned out, the Edsel was named inappropriately. It was the name- 
sake of an intelligent and sensitive man who demonstrated great foresight 
in directing the Ford Motor Co. as president for many years, although he 
continuously had to fight his father, Henry Ford, for changes needed to keep 


the company competitive in supplying cars the public wanted. 


The Edsel was the product of market research, and of the company's 
desire to have a medium-priced car to compete with GM's Pontiac and Olds. 
Back in 1955, Ford became interested in the “personality” of cers, that is, 
the stereotypes associated with different makes. A survey showed the Mer- 
cury had an undesirable personality and low social status — it was asso- 
clated with hot-rod drivers. Ford decided it needed a respectable family car 
suitable for the young executive. 


developed by ABC Appliance Co. 
The proposed product, a portable, 
battery-operated cooler, is based in 
large part on an idea of John B., who 
is designing the engineering proto- 
type. Then John B. receives a better 
job offer and leaves the company. 
Another man gets the project. 


Enter the new man 


The new man doesn’t understand 
very well the principles behind the 
idea, and thinks the research depart- 
ment should provide more guides for 
completing the design, particularly 
investigating and recommending 
suitable semiconductor materials. 
The research department, in turn, 
thinks the problem is one of estab- 
lishing reasonable power require- 


ments, a function of the engineering 
department. In the shuffle, the proj- 
ect file becomes lost in an executive's 
pile of reading matter. Gradually the 
project is forgotten in the pressure 
of daily obligations. 

Consider another case, that of the 
XYZ Instrument Corp., a manufac- 
turer of electromechanical transduc- 
ers and test equipment. The com- 
pany has two engineering divisions, 
electronics and mechanical. In the 
course of performing vibration tests, 
the mechanical division head con- 
ceives of a new vibration instrument, 
consisting of a transducer and am- 
plifier, which greatly simplifies the 
work. 

The company decides to market 
the system, and since it was devel- 
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FALCON assembly lines are the busiest of the small cars. 
Engine is attached to rear axle, then the body unit is lowered. 


The result was the Edsel, apparently a well-engineered car with many 
attractive operational features, but entirely conventional in design. The car 
was an unfortunate victim of the changing public whim, which can vacillate 
more rapidly than can the manufacturing and marketing schedules of a 
manufacturer. The Edsel lasted a little over two years, and lost the company 


many millions of dollars. 


Market research for the Faicon, above right, started in 1954, partly 
motivated by foreign smaii-car fear, and partly to exploit the projected car- 
market increase of a growing population and of families buying a second car. 


Manufacturers of lower-priced standard automobiles were afraid that 
increasing price differentials between domestic and foreign cars would make 
foreign cars more attractive. Surveys showed a segment of the market to be 
concerned about economy of operation as well as purchase price. 


The decision to build the Falcon was made in March, 1957, and from 
its introduction in September, 1959 through July of 1960, almost 400,000 
had been built, with sales leading its nearest competitor by 6,000 cars. & 


oped in the mechanical division, 
this group is given responsibility 
for making it into a production item. 
However, part of the system is an 
electronic circuit, and the electronics 
division manager feels he is being 
bypassed. If the project is successful, 
his position in the company will be 
weakened. He convinces himself, 
then management, that the system 
has a limited market. As a result, the 
development is given a low priority 
and finally abandoned. 


New product sabotage 


In a similar actual case, reported 
in the Wall Street Journal, an execu- 
tive sabotaged a rival’s project and 
then prepared carefully backdated 
memos to show his boss that he had 


opposed the project from the be- 
ginning. 

-In another real example, a promis- 
ing idea was conceived for a new- 
type electrohydraulic valve, and a 
crude model was built to demon- 
strate unique features of the design. 
The task of determining whether to 
produce and market the valve was 
assigned to the market-research de- 
partment. 

The assignment came at a bad 
time; the department was under- 
staffed and extremely busy. Policy 
required a market survey, so the 
project had to wait. When the mar- 
ket research finally began, the de- 
partment requested more perform- 
ance specifications, cost information, 
and physical data than was feasible. 


Unable to obtain such data, the 


market research staff assumed such 
conservative values that the mar- 
ket prospects appeared unfavorable, 
and the proposed new product was 
dropped. Two years later a competi- 
tor made an outstanding commercial 
success of a similar valve. 


insidious inertia 


Aside from such hazards, most 


new project ideas face insidious in- 
ertia; that is, companies tend to de- 
velop an inertia of habit and attitude 
which gives the company a person- 
ality seemingly independent of the 
components that form its character. 


An established company has a line 


of products that has resulted in 
skills and practices in each depart- 
ment. A new product development, 
to become successful, needs help 
from different parts of the organiza- 
tion. But to get help, the project 
must compete on unfavorable terms 
with routine functions of each de- 
partment. 


The idea is new to scientists in 


the research department, and they 
have interests of their own. (The 
fact that they have broad interests 
make them all the more desirable as 
research scientists. ) 


The engineering department may 


be overworked and understaffed. 
Still, it must assign someone to a 
special design problem. Since the 
new product is out of the ordinary, 
the engineer chosen probably will be 
already in great demand. 


What about production? The spe- 


cial project will take the best work- 
ers. Worse, it will disrupt production 
schedules of bread-and-butter quan- 
tity items. 


But worst of all, production sel- 


dom will be able to show much profit 
on a special job. The volume of work 
in the production department has 
nothing to do with being able to get 
help. If business is bad, excess work- 
ers will have been laid off, and find- 
ing someone for the special project 
will be no easier than when the work 
load is high. 


Next consider sales. Sometimes 


salesmen demand new products to 
meet customer needs, and are grate- 
ful and proud to have an addition to 
their line of products. At other times 
they grumble when the product fails 
to meet original expectations, or 
even to perform beyond limitations 
set by laws of physics. 

The real problem in the sale of a 
new product is educating the sales 
force about capabilities and limita- 
tions. When new product sales are 
few, it follows that commissions are 
small, and the tendency is to favor 
the old line over the new. 


Management itself is a key factor 
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New, Vacuum Gage Measures 


Pressures in Two Ranges::: 


3mm tolpy Hg 
“luwtoOlmp Hg 


GiCT—Cabinet Model 


The KINNEY GICT Ionization- 
Thermocouple Gage covers the 
range from 3000 microns to below 
10°77 mm Hg...a two meter instru- 
ment providing simultaneous 
Ionization Gage and Thermocouple 
Gage readings. Available in port- 
able cabinet and panel mounted 
models. The standard unit is sup- 
plied with one position Compen- 
sated Thermocouple Gage and it 
can be supplied in modified form 
with 2, 3, 4, 5 or 6 position Gage at 
extra cost. 


Designed with the more critical 
applications in mind, the KINNEY 
GICT brings an important advance 
in high vacuum instrumentation for 
use wherever an accurate and 
highly dependable instrument is 
required. 

Get the full story on such features 
as: Compensated Thermocouple 
Gage Tubes, Automatic cut-off relay 
to protect Ion Tubes from burn- 
out, Outgas circuit for elimination 
of false pressure readings, and 
many others. 


KMEINWNEY vacuum vivision 


WRITE-- 


Ask for KINNEY 
Bulletin No, 3811.1 
just off the press. * Name___ 


THE NEW YORK AIR BRAKE COMPANY 
3526H WASHINGTON STREET ; 


\ 


BOSTON 30 * mass. 


Please send me Bulletin 3811.1 with full information on the GICT 
Ionization-Thermocouple Gage by return mail. 


Company 


Address 


City 


Zone State 


INDUSTRIAL RESEARCH —AUG -SEPT, 1969 


in the development progress of a 
new product. Problems at the man- 
agement level may be similar to 
those in the departments. But if 
management is not sufficiently inter- 
ested in a prospective new product, 
it is a lost cause, since only manage- 
ment authority can assure depart- 
mental participation. 

Rarely can automatic procedures 
be set up for expediting special de- 
velopment projects so that projects 
will progress smoothly without man- 
agement attention. Management has 
important daily problems with 
which to deal, involving money and 
resources, and often has little time to 
plan new products which are signifi- 
cant only for the future, seldom for 
the present prosperity of the com- 
pany. 


The organizational maze 


Management must establish some 
means for successfully guiding fu- 
ture new products through the or- 
ganizational maze. Accomplishing 
this requires at least a delegate of 
management—an expeditor with au- 
thority to take action when the proj- 
ect doesn’t get reasonable priority, 
when the research department ana- 
lyzes it to death, or when the engi- 
neering department daudles with too 
many refinements. Other tasks of the 
expeditor are to make decisions when 
unexpected results are obtained and 
to watch for useful byproducts. 

Management has a task just as 
important to the company’s future 
as pushing development of new prod- 
ucts. This task is to locate sources of 
creative ideas within or outside of 
the company and see that these 
sources are used to fullest advantage. 
Creative people may be in any one 
of the operating departments—not 
necessarily, for example, only in re- 
search. 

Ideas come from association with 
men and problems. New products 
are born from putting together pieces 
of knowledge and information. When 
creative people are located within 
the company, they also may have 
fallen into habits of inertia and at- 
tend only to routine demands of 
their assignments. Such men should 
be encouraged and given an oppor- 
tunity to contribute. 

Few companies can be self-suffi- 
cient in terms of their engineering, 
research, manufacturing, and mar- 
keting capabilities. Companies 
should not be expected to be self- 
sufficient in ideas either. A company 
needs all of the good ideas it can get 
from scientists and engineers from 
outside as well as inside the com- 
pany. In practice, the creative proc- 
ess is a building upon the sum of 
scientific knowledge. 
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by Dr. R. C. Vickery, senior research scientist, Nuclear Corp. of America 


T..: RARE-EARTH ELEMENTS are 
not earths, but metals, the name de- 
riving from their most common 
form, metallic oxides, which resem- 
ble other materials found naturally 
in earth. Not long ago, the rare 
earths were little more than non- 
entities that helped complete the 
periodic table of elements. Now, as 
useful properties of these elements 
are recognized, their applications 
are growing quickly. 

The domestic rare-earths indus- 
try—currently doing a yearly busi- 
ness of about $6-million—was de- 
veloped by a few small companies 
which since have been absorbed by 
larger corporations. 

In the early 1950s, considerable 
optimism arose concerning the in- 
dustrial future of these elements, and 
a boom seemed imminent. But the 
expected development did not ma- 
ture because the industry had not 
been ready to exploit the full growth 
potential. Production techniques 
were inefficient, product costs were 
extremely high, and a tremendous 
research effort was needed to devel- 
op appropriate markets. 


Applications from producers 


Recently, producers have begun 
to develop applications that they 
earlier had expected consumers to 
solve. The work had led to a more 
rational approach as to how indus- 
try can use the rare earths now and 
in the future. 

The academic history of rare 
earths goes back a long time, but 
the first industrial success came ear- 
ly in the century from the work of 
Auer Von Welsbach in Germany. 
After discovering that illuminating 
gas mantles consisting of a thoria- 
ceria mixture emitted unusually 
bright radiation, Welsbach devel- 
oped processes for obtaining thor- 
ium and cerium oxides from mon- 
azite ores. These processes resulted 
in the gas mantle industry. Apart 
from this, there was little commer- 
cial hope for the rare earths until 
recent years. 

Major discoveries about the rare 
earths resulted from the Manhattan 
project. Rare earths are products of 
nuclear fission, and to learn more 
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4 ATOMIC 9 ATOMIC 
E SYMBGL NO. WEIGHY Di 
Scandium Sc 21 0.00055 44.96 
Yttrium Y 39 0.00105 88.92 : 
anthanum La 57 0.90035 138.92 
a Cerium Ce 58 0.00155 140.13 ‘ 
4 >raseodymium Pr 59 0.00025 140:92 | 
eod yrium Nd 60 0.00090 144.27 
~romethium Pm 61 [145] F 
a Samarium Sm 62 0.00035 150.35 
a uropium Eu 63 0.00G01 152.0 \ 
a Gadolinium Gd 0.00035 157.26 
jf erbium Tb 65 0.00005 158.93 
Dysprosium Dy 66 0.00035 162.51 
oi olmium Ho 67 0.00030 164.94 
rbium Er 68 0.00050 167.27 
Tm 69 0.00005 168.94 
tterbiurm Yb 70 0.00035 173,04 
utetium Lu 71 0.00007 174.99 
Does not cecur naturally. 


about what went on inside the mael- 
strom of nuclear fire, fission ashes 
had to be examined 

The major problem in studying 
these ashes was separation of the 
elements, which focused attention 
upon the archaic techniques em- 
ployed for rare-earth separation. 
Until about 1942-43, it was neces- 
sary to separate the rare earths by 
the tedious and painstaking meth- 
ods of fractional crystallization or 
precipitation. 

Later, by using ion-exchange res- 
ins, it was possible to separate in a 
matter of days rare earths which 
had taken months or even years by 
the older techniques. Although 
much development still is required, 
we now have sufficiently pure ma- 
terials to study many fundamental 
properties of the rare earths and 
their compounds 


The 17 companion elements 


The rare earths now are consid 
ered to include 17 elements of the 
boron- aluminum periodic group 
(see list on page 31). They are sim 
ilar in atomic and molecular make 
up and chemical reactivity 

As a group, they constitute about 
0.006% of the earth’s crust—ex- 
ceeding in abundance copper, zinc, 
lead, and cobalt. Fortunately, rare- 
earth minerals commonly occur in 
concentrations higher than this per- 
centage would indicate. Within the 
rare-earth group, individual ele- 
ments vary in abundance—elements 
with even atomic numbers being 
more plentiful than those with odd 
atomic numbers 

Although more than 200 mineral 
species contain rare earths, less than 
a dozen constitute our main indus- 
trial sources. The original com- 
mercial source of rare earth was 
monazite—a phosphate ore of the 
cerium or lighter earths (lanthanum 
to gadolinium portion of the series) 
from the beach sands of Travan- 
core, India. 

For many years, Travancore re- 
mained the major source of world 
supply even though deposits of 
monazite were found to be wide- 
spread, occurring in almost every 
country in the world. Although 
American sources of monazite can 
fill more than half of the domestic 
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requirements, competition from re- 
cently found South African deposits 
almost has closed down American 
operations. 

Imported monazite is subject to 
government embargoes because of 
the ore’s thorium content. Thorium 
is a nuclear reactor fuel. 

Bastnasite—a fluorocarbonate of 
the rare earths—has been under in- 
vestigation since its discovery in 
California in 1949. Deposits of com- 
mercial importance also are found 
in New Mexico and in the Congo. 
Unlike monazite, these rare-earth 
sources contain no thorium. The 
California source contains approxi- 
mately 18-million tons of a 10% 
ore, and under present conditions, 
can yield more than 10-million 
pounds of rare-earth oxides per year 

adequately assuring domestic self- 
sufficiency for several years. 


Sources of yttrium 


Other important mineral sources 
of the rare earths are gadolinite 
(a silicate), fergusonite (a tantalo- 
niobate), and xenotime (a _ phos- 
phate). These are sources of yttr- 
ium and the heavier rare earths 
from gadolinium to lutetium. 

Of increasing commercial impor- 
tance are uranium ores containing 
rare earths. Even though the actual 
content of rare earths in such ore 
may be low initially, the large ton- 
nages treated make extraction of 
the rare earths economically fea- 
sible. This is particulary true of the 
euxenite now being mined in Idaho 
and of the davidite of South Aus- 
tralia. 

Once these ores and concentrates 
have been obtained, the rare earths 
must be extracted and separated. 
Ion-exchange mechanisms now are 
capable of producing pound quan- 
tities of rare-earth compounds of 
99.9%, purity. 

These processes must be consid- 
ered laboratory -type operations, 
however. It is difficult at this time 
to visualize large-scale economical 
operations for producing pure indi- 
vidual rare-earth compounds. Yet, 
if a unique use could be found for 
a highly purified rare earth, proces- 
sors ultimately would be able to 
cope with the demand. 

Large plants exist for the prep- 


aration of crude and mixed rare- 
earth oxides, compounds, and me- 
tals, but facilities for production of 
pure materials are still small. Major 
producers include the Davison 
Chemical Div. of W. R. Grace Co., 
Vitro Chemical Co. Div. of Vitro 
Corp. of America, Lindsay Chem- 
ical Div. of American Potash & 
Chemical Corp., Michigan Chemi- 
cal Co., and the Research Chemical 
Div. of Nuclear Corp. of America. 

Summing the potential capacity 
for pure rare-earth oxides yields a 
figure somewhat less than 1,000 
pounds per day. Conversion of the 
oxides to metals is relatively sim- 
ple; thus the pure metals are avail- 
able in similar quantities. 

Applications of rare earths are 
increasing, but the most recent end- 
use breakdown published by the 
U. S. Bureau of Mines shows that 
30% goes for glass, 25° for carbon 
electrode cores, and 20°, for misch 
metals (a mixture of rare-earth 
metals, used mostly for alloying 
purposes). The remaining 25°, is 
accounted for as additives to steel 
and for distribution as pure oxides 
Annual consumption of crude, 
mixed, and pure rare earths is now 
about five-million pounds 


—_— 
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Dr. R. C. Vickery has studied 

the rare-earth elements for some 

20 years. He has been 

a consultant in London, 

and u orked for the Australian 
Government & Horizons Inc., 
Cleveland, before joining 

Nuclear Corp. of America a year ago 
as senior research scientist. 
Educated at the Universities 

of Oxford and London, he holds 
four advanced degrees. Dr. Vickery 
has written three books 

and about 75 papers on rare earths, 
and has given many lectures 
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RARE-EARTH 

fluorides 
and oxides 
are calcined 


Co. plant in 
Chattanooga. 
Such facilities 


The Rare Earths Are Used to... 


improve forgeability of stainless steels. 
Improve tensile, stress, and impact properties of steel. 
Prevent impurity accumulations in steel. 
Improve scaling resistance. 
Desulphurize steels and refine grain. 
Decrease brittleness. 
Improve creep-resistance of magnesium alloys. 
Assist development of dense and fine grain structure in 
aluminum. 
= Increase tensile strength of magnesium alloys. 
= Improve high-temperature properties of cast magnesium 
alloys. 
= Lower surface tension of aluminum baths. 


® Improve infrared transparency and absorbency of glasses. 

= Improve silicate glasses for pH measurements. 

= Impart luster and produce blue luminescence under ultra- 
violet light. 

® Improve transmissivity and refraction of optical glasses with- 
out increasing dispersion. 

# Prevent radiation discoloration. 

= improve polishing agents. 
Color artificial gems, glasses, and glazes. 
Produce transparent windows for radiation shielding. 
improve high mechanical strength, high-temperature refrac- 
tories. 

= Provide absorbents of thermal neutrons in nuclear reactor 
contro! elements. 

= Improve radome materials. 

= Produce ductile, high-impact-strength cermets. 


Improve filament activation in electron tubes. 
Produce piezoelectric compounds. 
Produce ferromagnetic garnets, spinels, and perovskites. 
Improve infrared phosphors. 
Improve gettering agents. 
improve x-ray filters. 
Provide a radiation source in portable, low-energy, x-ray units. 
= Provide compound semiconductors for thermoelectric and 
other devices. 
= Improve thermionic emitters. 
= Provide new dielectric materials for capacitors. 


An endless cycle 


What is the future for the rare 
earths? Is there a possibility of 
price reduction? The questions in- 
dicate an endless cycle: 

Except for the prices of crude 
mixed oxides, which already are as 
low as is feasible, prices will drop 
as further uses are found for the 
pure compounds . . . which will 
make it possible to reduce prices . . . 
so that future uses may be devel- 
oped ... so that prices... 

The end of the cycle can be de- 
termined either by improvement of 
processes leading to an overall re- 
duction in cost, or by discovery of 
a unique application or a unique 
property of a less-abundant rare 
earth. 

Research toward these ends can 
break the deadlock. Probably the 
weakest part of the cycle lies in the 
manufacturing processes, although 
progress has been made toward pro- 
ducing rare earths at reasonable 
prices. 

If further developments in sepa- 
ration techniques can be made by 
processors, then a further decrease 
in prices can be expected. But price 
reductions will be limited, because 
the production of any one rare earth 
to fill a large market will result in 
larger quantities of the other rare 
earths. Most production costs will 
have to be borne by the earths in 
greatest demand. Interest in such 
elements as thulium and europium 
already has shown that appreciable 
dollar volumes of rare, high-purity 
compounds and metals could devel- 
op if large-scale recovery were eco- 
nomically possible. 


Who's doing the research? 


More applications of the rare 
earths can come only from a better 
knowledge of the fundamental phy- 
sical and chemical properties. Al- 
though many industrial groups 
apart from rare-earth producers are 
undertaking research in rare earths, 
most of the research is directed 
toward specific goals. 

At Iowa State College, funda- 
mental research on rare earths has 
been conducted since the early 
1940s on separation and property 
determination. 

Other work is going on at Los 
Alamos and the University of Illi- 
nois. The U. S. Bureau of Mines, 
at Reno and Albany, is continuing 
investigations on the extraction and 
purification of the rare earths. 

Some rare-earth producers or po- 
tential producers — Davidson, Un- 
ion Carbide, Vitro Chemical, Lind- 
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are used for separation 

and purification of the rare 

earths. Photo shows one ope rated 
by Lindsay Chemical Dit 

American Potash & Chemical Corp 


say Chemical, Mallinckrodt Chem- 
ical Works, Rare Earths & Thorium 
Div. of Michigan Chemical Corp., 
and American Metal Climax 
joined forces about three years 
ago to support a research study at 
Battelle Memorial Institute on po- 
tential applications of rare-earth 
elements. 

Information on rare-earth com- 
pounds as semiconductors has been 
released from this program. Com- 
pound semiconductors—for exam- 
ple, compounds of lanthanum, ga- 
dolinium, or yttrium with tellurium 
or selenium—show properties which 
make them of great potential im- 
portance. They have high melting 
points and good thermal stability. 

Also of interest are the relatively 
high electron mobilities of the com- 
pounds, making them promising as 
thermoelectric materials. Studies up 
to now have used relatively impure 
materials, but future work will in- 
clude preparation and study of ma- 
terials of higher purity. 

In addition, Nuclear Corp. is 
studying the application of rare- 
earth metals to structural materials, 
magnetic alloys, thermoelectric com- 
ponents, semiconductors, ceramics, 
and electronics. Lindsay Chemical 
is conducting research on the appli- 
cation of rare-earth oxides in cer- 
amics. Union Carbide is studying 
the metallurgy of scandium. West- 
inghouse and General Electric are 
looking to the rare-earth metals for 
specific applications in nuclear en- 
ergy. 

Overseas, most of the work is 
being done by the French school, 
Centre Nationale de Recherche 
Scientifique, which made major con- 
tributions to studies of rare-earth 
garnets, sulphides, and _ semi- 
conductors compounds. 

From published works, it is clear 
that the Russians are studing rare 
earths, particularly their applica- 
tions in semiconductors. 

The South Australian Dept. of 
Mines now has established a pro- 
gram to recover rare earths from by- 
products of its uranium processing 
plant near Adelaide. 


Future prospects: 
... for specialized structures 


Results of studies indicate that 
the rare-earth metals probably will 
not be used as large-scale structural 
materials, but specialized structural 
applications may be found for scan- 
dium, yttrium, or gadolinium. Scan- 
dium resembles aluminum in many 
ways, its higher density being offset 
by its higher melting point. Yttrium 
and gadolinium are similar. 


Adding the rare earths in small 
quantities to other metals is also 
a major potential use. Price reduc- 
tion and availability of large quan- 
tities of pure oxides and metals are 
needed particularly for catalysts 
and for glass manufacturing. 

Typical examples of present and 
future applications are cerium-sul- 
phide_ refractories, ferromagnetic 
garnets, rechargeable solid - state 
batteries, highly specialized ceram- 
ics, thermoelectrics, and semicon- 
ductors. 


... unique nuclear uses 


Gadolinium oxide, or metal, either 
pure or with samarium and europ- 
ium, may replace hafnium for con- 
trol rods in nuclear reactors. These 
materials have a very high neutron 
cross-section, a measure of their neu- 
tron-absorbing abilities. Thus these 
elements also might be employed in 
radiation shields against thermal 
neutrons and beta and gamma rays. 

We are just beginning to learn 
and appreciate some of the applica- 
tions which may be made of the 
rare earths in meeting the needs of 
rocketry and space exploration. 


magnetics and ceramics 


Methods of building rare earths 
into crystalline structures are being 
explored in attempts to develop new 
magnetic materials. Research on 
cermets (metal and ceramic mater- 
ials) containing rare-earth oxides 
has been somewhat successful. 
Flame-sprayed cerium oxide shows 
unusual radiation properties, and is 
attractive for use on surfaces from 
which the rapid radiation of heat 
is desired. 

Rare earths now are applied as 
catalysts in petroleum refining, as 
the radioactive element (such as 
thulium) portable radiation 
equipment, in medicine, in metal- 
lurgy as alloys, in picture tubes for 
color television sets, and in glass 
windows for viewing radioactive 
areas (cerium). 

An important recent discovery 
has been the recognition of ferri- 
magnetic properties of rare-earth 
iron garnets. The low electrical con- 
ductivities and low eddy-current 
losses of garnets (particularly the 
yttrium - iron garnet) make them 
valuable for microwave and _ tele- 
vision components. 

Thus the future for the rare 
earths is extremely bright, and as 
current fundamental studies yield 
better separation techniques and 
reveal new applications, problems 
of price and availability should be 
solved. 
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BOOKS 


Direct Conversion of Heat to 
Electricity, edited by Joseph Kaye 
and John A. Welsh (John Wiley & 
Sons Inc., New York, 1960, $8.75.) 
The book is valuable as a reference 
work on four principles for convert- 
ing heat to electricity without mov- 
ing mechanical parts. Applications 
of these principles are embodied in 
thermionic engines, magnetohydro- 
dynamic converters, thermoelectric 
generators, and fuel cells. 

As an edited collection of papers, 
the book leaves an impression gen- 
erally common to such works: Why 
doesn’t someone write a book on the 
subject? Someone probably will, be- 
cause energy conversion is a timely 
subject of very great importance. 

Research in energy conversion is 
the key to rate of progress in missile 
capabilities now, and it will have 
profound effects on many industrial 
products later. Military services 
have long sought for means to elim- 
inate moving parts in power con- 
verters and to reduce their size and 
weight. 

Some of the energy conversion 
techniques described in the book are 
of interest, if not yet of promise, for 
industrial uses, and one day may re- 
sult in a technological revolution in 
the power utility industry. 

Although the book is excessively 
repetitive and does not provide a 
comprehensive treatment, it does 
have much theory and design guides 
for energy-conversion systems. 

—Harold Garbarino 
I*R technical director 


Dynamic Behavior of Thermo- 
electric Devices, by Paul E. Gray 
(Wiley, $3.50.) Work presented in 
this book is new. The title is some- 
what misleading in that the book is 
about the basic properties and the 
theory of thermoelectric couples, 
and their application for power gen- 
eration and cooling. The book is 
well written. 

In his analyses, the author ac- 
counts for the Thomson effect as 
well as changes in resistivity and 
thermal conductivity with tempera- 
ture. From equations for the general 
case, simplified relations are ob- 
tained by assuming that the Thom- 
son coefficient is zero and tempera- 
ture variations are negligible. 
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The author solves the differential 
equations to obtain frequency- 
response characteristics, a new con- 
tribution to the subject. By account- 
ing for the changes in resistance 
with temperature, a closer correla- 
tion is shown between theory and 
experiment than has been possible 
previously. 

—RHarry J. Venema 
Roy C. Ingersoll Research Center 
Borg-Warner Corp. 

Radiation Pyrometry and its Un- 
derlying Principles of Radiant Heat 
Transfer, by Thomas R. Harrison 
(Wiley, $12.) The book is designed 
to present principles of radiation 
pyrometry in sufficient detail, from 
both fundamental and practical as- 
pects, to permit intelligent applica- 
tion. Its purpose is achieved—very 
admirably in some respects. 

Included are fundamentals of 
thermal radiation — the black-body 
radiator in mathematical detail, the 


non-black-body radiator, and the 
interdependence of reflection, trans- 
mission, absorption, and emission 
properties. 

The book also discusses primary 
radiation sensors and optical sys- 
tems used in radiation pyrometers. 
One type of sensor, the thermopile, 
is analyzed in detail, and its con- 
struction, operation, and calibration 
are described. Several commonly en- 
countered pyrometry problems are 
solved to help provide a practical 
grasp of the subject. 

A fault of the book is the undue 
emphasis given to the d-c thermo- 
pile, particularly to one commercial 
unit. Little is said of photosensitive 
detectors, and nothing about the op- 
tically modulated pyrometer. The 
important two-color technique is 
dismissed casually. 

—Arthur E. Goldberg 


Radiation Electronics Co. 
Div. of Comptometer Corp. 
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“The Company considers research and engineering to be the heart 

of our future successes. Increased budgets alone will not achieve 

this result, but rather the calibre of our technical personnel ; 
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American Machine & Foundry Company 


a task force for commercial progress 


With the completion of the Research & Development Division’s new 
headquarters, AMF is increasing the tempo of its multi-disciplined 
attack on the problems involved in creating advanced 


new commercial products and automated industrial systems. 


Engineers and scientists who have interests spanning a broad 
technological spectrum will find satisfying professional 
careers in these newly built and equipped laboratories. 


If you have an outstanding record of accomplishment in any 
of the areas shown opposite, you are invited to apply for a position 
on the AMF research and development team. 
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CHEMICAL RESEARCH & DEVELOPMENT 
Perm-selective membrane processes 
and applications 

Plastics and polymeric films 

Dielectric films and specialty filters 

Food chemistry and processes 

Protective and decorative coatings 

Tobacco research and development RESEARCH and SCIENTIFIC EXPLORATION 

Adhesives Operations research 
High-speed mechanics 
Physical chemistry 
Nuclear physics 
Solid state physics 
Mathematics 


MECHANICAL DEVELOPMENT 


\ (1 < Automatic machinery and systems 


Electro-mechanical devices 
ELECTRICAL and ELECTRONICS DEVELOPMENT 


Mechanical process design and development 
Electronic controls 


Commercial “package” plant development 
Electrical systems 


Automation circuitry 


Complex electronic devices 
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Dear Sir: 

Developments from studies related to space 
exploration invariably dominate technical news, and many of mS 
these developments will find industrial applications. 
Lockheed scientists report unique observations made with a 
new-type glass shock tube for investigations of high-temper- 
ature gases and extremely high-velocity spacecraft re-entry. 

q The glass tube operates at low densities to 
simulate atmospheres at high altitudes. Photographs such as 
those at left can be made from any angle, using time expo- 
sures to record an entire event, or a high-speed camera to 
record the sequence of events as a shock wave passes over a 
test configuration. The shock wave, consisting of a plasma 
pulse, is generated by the discharge of a capacitor bank. 
The wave is propagated at velocities equivalent to about 
Mach 400 by electromagnetic forces accompanying the dis- 
charge. 


The shock tube is 10 feet long and has an 
inside diameter of six inches. The initial pressure in the 
tube is 100 microns or about one ten-thousandth of sea-level 
atmospheric pressure. The shock wave through the gas in the 
tube heats it to temperatures in the order of 100,000 K. 
Studies using the tube are being made by the Lockheed Mis- 
siles and Space Div. labs at Palo Alto, Calif. 


A new structural design for aircraft seats 
to provide a maximum of crash safety without increasing 
weight has been demonstrated by Goodyear Aircraft Corp., 
Akron 15, Ohio. The system involves structural tie-downs 
linking occupant to seat, seat to floor, and floor to fuse- 
lage. Research has shown that most injuries and deaths in 
survivable transport crashes occur because of seats tearing 
free. 


Lockheed Aircraft Corp., Burbank, Calif., 
reports the development of an infrared device, designed to 
supplement electronic tracking equipment, that can detect 
the presence of a glowing cigaret miles away. The device is 
claimed to be smaller, more reliable, and more accurate than 
similar instruments in use. 


A miniature missile-borne magnetic tape re- 
corder designed to operate during a 500-g impact decelera~- 
tion and to survive a 1,500-g shock without loss of recorded 
data is being developed by Westrex Corp., a division of 
Litton Industries, 336 N. Foothill Rd., Beverly Hills, 
Calif. The unit provides 14 tracks on a one-inch tape, and 
it is designed to record more than 30 seconds of performance 
data during the flight of a surface-to-surface missile. 
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q A unique oxygen regeneration unit has been 
developed by Thompson-Ramo-Wooldridge Inc., 23555 Euclid, 
Cleveland 17, for use in manned space stations. Oxygen is 
| produced from carbon dioxide by photosynthesis. Algae, 


f. illuminated by fluorescent lamps or by a solar light col- 
lector, accomplishes the reaction. 
RADIOISOTOPES Users of radioisotopes, numbering 189 in 


1947, have increased to more than 5,000 today, according to 
Atomic Development Mutual Fund Inc., 10335 30th St. N.W., 
Washington, D.C. The number of users continues to increase 
by about one-fourth each year. 


General Motors Research Laboratories, 

Detroit, and the GM Central Foundry Div. have developed a 
technique for controlling water content of molding sand used 
by foundrys. Fast neutrons from a plutonium-beryllium radi- 
ation source collide with water in the sand to produce slow 
neutrons that can be counted to indicate moisture content. 
The research lab recently announced development of three 

new isotope sources to fill an energy gap: samarium-145, ~ 
Samarium-153, and gadolinium-153. 


MATERIALS New aluminum alloys, said to have amazing 
resistance to the corrosive attack of high-temperature steam 


and water have been developed by Alcoa, Pittsburgh 19. The 
aluminum-iron-nickel alloys can withstand high-purity water 3 
at temperatures up to nearly 700 F. Commercial alloys now f 
used are limited to 450 F. 


Two new piezoelectric materials, crystals of 
zinc oxide and cadmium sulfide, have been discovered at Bell 
Telephone Labs. The degree of piezoelectricity of zinc 
oxide is about four times that of quartz, while that of 
cadmium sulfide is about twice. 


A new crystalline fiber material for high- 
temperature applications has been announced by du Pont, 
Wilmington, Del. The material is potassium titanate in 
small, white, crystalline fibers, available in lumps, 
blocks, sheets, and various shapes. Said to be useful to 
temperatures of 2200 F, the material is expected to have 
application for thermal, acoustical, and electrical insula- 
tion and for filtration. 


Synthetic rubber latex that can be used to 
replace natural rubber in foam products is being made by a 
new chemical process developed by scientists of Naugatuck 
Chemical Div. of U. S. Rubber Co., 1230 Avenue of the Ameri- 
cas, New York 20. New material has a high solids content 
(or rubber content), compared to low solids of previous syn- 
thetics, to give a putty-like character. 


q Lightweight mirrors of fused silica have 
been developed for use in missile, satellite, and airborne 
telescope systems by Corning Glass Works, Corning, N.Y. 

y/ The mirror blanks use a sandwich construction to reduce size 
rid and weight of mounting and auxiliary equipment. The mirrors 
consist of two plates of silica held apart by ribs. 
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SILICONE NEWS from Dow Corning 


Exact Copies Fast! 


SILASTIC RTV makes precision molds 
in minutes 


These photos illustrate how easily you can produce exact molds and 
prototypes in a matter of minutes, instead of days or weeks. The 
medium: Silastic” RTV, the fluid silicone rubber that vulcanizes 
at room temperature. 


The beauty of this silicone rubber: you simply add catalyst, mix and 
pour Silastic RTV into or around the object you wish to reproduce. 
The fluid rubber flows into the tiniest crevices, fills voids in even 
the most intricate parts, and vulcanizes without heat to form a dur- 
able accurate mold. 


The cured mold easily withstands 500 F temperatures. You can use 
it to cast a variety of plastics or low-melting alloys. Release is no 
problem. The firm but flexible mold made of Silastic RTV strips 
easily from metal, wood, plaster, plastic and most other materials. 
Store the mold; it doesn’t change on aging (crack or check) and you 
can make exact reproductions months, or even years later. 


Using Silastic RTV is the quick and economical method of preparing 
duplicates that match the original in every detail. May we assist 
you in adapting this new design and development tool to your special 
needs? Write on your letterhead for free sample and how-to-use 
information. Address Dept. 4408. 


POUR RTV 


FINISHED PART 


The nearest Dow Corning office is the 
number one source for information 
and technical service on silicones. 


Dow Corning CORPORATION 


MIDLAND. MICHIGAN 


BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEWYORK WASHINGTON, D. Cc. 
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COMPUTERS 


PROCESSES 


Development of high-speed scalers for com- 
puters using gallium-arsenide tunnel diodes in series, has 
been announced by Philco Corp., Tioga and C Streets, Phila- 
delphia 34. The string of diodes stores a voltage that de- 
pends on the amplitude of pulse applied to the series. 

High switching and reset speeds are claimed. 


q A_universal circuit card that can be pre- 
fabricated and adapted to perform any desired circuit func- 
tion has been developed by Librascope Div. of General Pre- 
cision Inc., Glendale, Calif. The stock card contains an 
etched pattern that can be modified by interconnections to 
perform different required functions. It is said that the 
cards permit construction to begin before a computer design 
is finallized. 


Information on a data display projector used 
for the SAGE air-defense system has been released. The de- 
vice photographs a faint image on a radarscope, develops it, 
and projects it enlarged many times onto a screen 18 feet in 
diameter—in six seconds. The projector is being marketed 
by Kelvin & Hughes America Corp., Annapolis, Md., a subsidi- 
ary of S. Smith & Sons Ltd., England. 


A technique for automatic particle-size 
analysis using a radioactive carbon-14 source has been 
announced by Evans Research & Development Corp., 250 East 
43rd St., New York 17. The process, said to be safe and 
nondestructive, is based on an analysis of beta-ray back 
scattering from an irradiated sample of the fine droplets 
or solid particles being measured. The particle size range 
is one to 500 microns. 


q <A technique for fabricating ceramic cru- 
cibles into various forms by means of a plasma jet has been 
developed by two subsidiaries of Giannini Scientific Corp.-- 
Plasmakote Corp., Culver City, and Plasmadyne Corp., Santa 
Ana, Calif. The plasma spray gun deposits the material on a 
reusable mandrel to the desired thickness. The process is 
said to result in high-purity containers for scientific 
uses. 


Use of the recoil energy of fragments from 
nuclear fission has promise for industrial application, 
according to Aerojet-General Nucleonics, P. 0. Box 77, San 
Ramon, Calif. The energy can be used for direct fixation of 
atmospheric nitrogen, without requiring electric power or 
hydrocarbon raw materials. A study shows the process to be 
economically attractive. 


q IBM Corp., Yorktown Heights, N. Y., has dem- 
onstrated a means for growing electronic components by vapor 
deposition. The company calls it “atomic bricklaying." 
Process might be used to produce functional circuit building 
blocks for future high-speed computers. Different semi- 
conductor materials can be deposited or grown in layers to 
achieve properties desired for the composite device or 
circuit. A major advantage over other means for fabricating 
semiconductor devices is said to be its precisely controlled 
characteristics. The process should eliminate the need for 
much manual assembly of components. 
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PRODUCTS 


RCA, 30 Rockefeller Plaza, New York 20, now 
is producing kits to enable engineers to design and fabri- 
cate miniature electronic circuits with several hundred 
thousand parts per cubic foot. 


q A _magnetohydrodynamic flow facility now is 
available from MH D Research Inc., 1571 Placenta, Newport 
Beach, Calif. The facility can be used to accelerate a 
plasma stream, to generate electric power, or to study 
kinetic properties of an ionized gas. A continuous flow of 
ionized gas with a velocity to 4,500 meters per second at 
10,000 K and an average conductivity of one mho per centi- 
meter is provided. 


An inspection system to check labels on 
lithographed containers for texture, color, and orientation 
has been designed by Sterns Control Div. of Logic Systems 
Inc., Great Neck, N. Y. The system operates by measuring e 
light reflections at a number of points adjacent to the a 
container being inspected, then comparing the values with a 
stored code. 


4 A unique high-intensity acoustical system 
has been built by Stromberg-Carlson Div. of General Dynamics 
Corp., Rochester 3, N. Y., for Wright-Patterson Air Force 
Base, Ohio. The system generates sound throughout an 1l 
octave range at intensities ranging from the threshold of 
audibility to volumes that would damage the ear. The system 
has loudspeakers mounted in 32 baffles. It is to be used 
for studying physiological effects of high-intensity sound, 
and can produce sine-wave (single-frequency) sound, white 
noise (random sound), and tape-recorded noises. 


A transistor thermal test set, said to per- 
mit determination of transistor and diode junction tempera- 
tures, has been announced by Rescon Electronics Corp., 151 
Bear Hill Rd., Waltham 54, Mass. 


q A training stereomicroscope that permits an 
instructor and trainee to examine a specimen simultaneously 
has been developed by Bausch & Lomb Optical Co., Rochester 
2, Y. 


Infrared Industries Inc., P. 0. Box 42, . 
Waltham, Mass., has introduced a console-type instrument for 4 
determining infrared detector characteristics, including 
black-body sensitivity, spectral response, resistance, and 
noise. 


q An eight-inch diameter, flat-ended multi- 
plier phototube, for low-level radiation measurement over a 
large area (such as the human body), has been developed by 
Allen B. Du Mont Laboratories Inc., 750 Bloomfield Av., 
Clifton, N. J. The tube has applications where maximum 
light-gathering power is necessary. 


And finally, I‘R has just received word that 
copies of the paper “Advantages and Disadvantages of the 
Anoptralmicroscopic Procedures in Exfoliative Cytology," are 
available, free-of-charge. 
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AN I-R PHOTOGRAPHIC PORTFOLIO ON 


THE BORG-WARNER RESEARCH CENTER 


OF CHICAGO, next to fields that rap- 
idly are filling up with suburban homes is Borg- 
Warner Corp.’s Roy C. Ingersoll Research Center. 
Opened in 1956, the modern facility (1) has carried 
out many short- and long-term research projects to 
solve the problems and to insure the future of a large, 
diversified company producing for industrial and con- 
sumer markets. Technical specialists are exploring the 
frontiers of science to translate ideas into new products 
and processes. 

The research center serves an unusual company: 
more than just decentralized, Borg-Warner is a con- 
federation of 41 highly autonomous divisions operating 
in 13 states and several foreign countries. The auton- 
omy is reflected in the operation of the research center, 
which serves divisions that sometimes compete with 
each other in certain product lines. In such cases, the 
research center treats the work done for each division 
in confidence. 

Primary function of the research center, as seen by 
its manager-director, Dr. John F. Weiffenbach (also 
director of engineering for the corporation), is to serve 
the long-range needs of the company’s operating divi- 
sions. Direct services for the divisions consist of about 
20°;, of total effort; the rest is exploratory and applied 
research programs in diverse fields: chemistry, materi- 
als, physics, electronics, fluids, thermodynamics, me- 
chanics, and automotive parts. 

The health, independence, and long-term value of a 
research facility often depends on how it gets its sup- 
port. Borg-Warner’s research center is funded by the 
corporation’s central office. The divisions then are 
assessed for their shares, although not all of them have 
occasion to get assistance from the center. (Several 
government contracts have been undertaken, but these 
represent a negligible part of the research volume. ) 

Currently, the center employs about 200 scientists, 
engineers, technicians, and supporting service staff. 

Borg-Warner is identified most often as a manufac- 
turer of automotive parts. One program related to this 
field was a study of the gasoline combustion process 
what happens at each instant of the engine ignition 
cycle. A pressurized chamber with glass windows was 
made to permit high-speed photographing of the igni- 
tion process. Fuel is injected and ignited in the same 
time relation as in an actual gasoline engine cylinder. 
Pictures made at 2,500 frames per second and taken 
from a film strip (2) show fuel being injected and 
then ignited, the reaction gradually extending through- 
out most of the chamber. 

Among the more interesting projects are studies of 
semiconductor materials and configurations for thermo- 
electric cooling devices, which have possible applica- 
tion in refrigeration. One technique being used to obtain 
unusually low temperatures (3) is the assembling of 
thermoelectric couples in cascade. In this arrangement 
the cold junction of one stage serves as the heat sink 
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for the hot junction of the next stage, thus pumping 
heat away from the coldest couple in steps. 


The purpose of an aerospace contract sponsored by 
the Air Force’s Air Research and Development Com 
mand, was to find suitable materials for fluorine-han- 
dling equipment. A test facility (4) was set up to 
determine friction and wear of specimens lubricated 
with liquid fluorine. Since fluorine is so highly reactive 
and toxic, the facility had to be operated remotely in 
a reinforced concrete test cell, separately ventilated as 
a safety precaution. The operator can view the equip- 
ment through safety glass windows from behind the 
concrete wall. The friction and wear rig is to the left 


in the picture, with connecting lines and controls to 
the right. 

The physics group at the center has another contract 
from the Air Research and Development Command to 
investigate pulsed plasma properties. In the experi- 
mental set up (5), the highly energized pulse of ions 
is accelerated in a vacuum chamber. The motivation 
for these experiments is interest in accelerated ions as 
a means for propulsion in space. Such a propulsion 
system obtains a forward impulse by accelerating ions 
to the rear. 

The result of one research project, of which the 
center is proud, is a nuclear magnetism logging tool, 
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the product of a joint effort with a company division 
specializing in oil-well drilling equipment and services 
Utilizing the principle of nuclear magnetic resonance, 
the system (6) is proving valuable for detecting the 
hydrogen of oil or water in an exploratory well. The 
location and identification of fluid-bearing zones is 
important in oil exploration. 

Recently Borg-Warner has stepped up its efforts to 
find new chemical products for one of its major prod- 
uct divisions. New polymeric materials are being cre- 


ated by chemists using a novel reactor (7) which 
provides stirring speeds up to 20,000 rpm. The reactor 
has been valuable for studying interface polymeriza- 
tion. Other exploratory chemical research is being con- 
ducted on polymerization in emulsions (8). 
Adequate tools are a necessity if a research organi- 
zation is to carry out its daily functions with a reason- 
able degree of self-sufficiency. Borg-Warner’s diversified 
nature requires an unusually large variety of instru- 
ments, testing equipment, and service facilities for the 
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size of the research center. These facilities include 


physical-testing machines, dynamometers, spectroscopic 
analysis instruments, chromatographs, a model shop, an 


analog computer, apparatus for metallographic studies, 
furnaces, and a library. 


A large, controlled-atmosphere, insulated room (9) 
is used for precision environmental measurements. 
Other facilities are well-equipped chemistry labs (10) , 
and that symbol of the affluent physics lab, the electron 


microscope (11). . 
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Conventional natural diamond grit for metal-bond wheels and saws. Note the friable 


irregular particles which break down under heavy pressure grinding. 


ANNOUNCEMENT: 


NEW 


NATURAL 


DIAMOND GRIT 
FOR 
METAL-BOND 


WHEELS 
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New Selected Natural Diamond Grit (SND-MB). All friable needle grains have been removed, 
leaving only the blocky, cube-like grit with maximum strength and abrasion resistance. 


A new type of natural diamond grit, especially 
suited for use in metal-bond grinding 

wheels and other metal-bond diamond tools, 
has been developed at the Diamond Research 
Laboratory, Johannesburg, South Africa, 


This new natural grit is made up of the 


strongest, most abrasion and shatter- 
resistant diamond particles for use 


in metal matrixes. A new pressure- 
testing and selecting process 
removes friable particles from 
the grit. Thus, the inherent 
strength of the natural 


diamond particle is ideally 
presented for the heavy-duty 
cutting done with metal- 
bond wheels and saws. 


The new grit has been found 
stronger than any diamond grit 
available to date. In tests 

with concrete, marble, and tile, 
the new grit permitted 

a 30 to 50 per cent faster 
cutting rate than was 
previously possible. Further 
tests are under way in 
actual production set-ups. 


Known as SND-MB (SELECTED 
NATURAL DIAMOND-METAL BOND), 
the new grit will be offered in 

a production range of mesh sizes 
from Tyler screen 16 to 325 

mesh at present. The larger sizes 
will be used in metal-bond saws 
and thin-wall core drills, which are 
used in cutting concrete, stone 

and other rugged materials. The smaller 
cube-like diamonds will be used to advantage 
in metal-bond wheels for cutting and 
grinding of materials like glass and 
ultra-hard ceramics and reinforced plastics. 


SND-MB is now available to your wheel manufacturer. 
Ask him about it. 


INDUSTRIAL DIAMONDS CUT PRACTICALLY EVERYTHING ... ESPECIALLY YOUR PRODUCTION COSTS 
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COMPUTER GENERATED ALTITUDE SLICES 


GROWING AIR TRAFFIC, resulting from more planes, 

greater utilization of commercial fleets, and higher speeds 
points to a growing inadequac y of fac ilities for managing 

the approaching traffic jam. Delays and near-collisions 

are symptoms of the serious problem. The radar control station 
at Midway Airport, Chicago (top), typifies the modern facility 
for traffic control. Control system of the future 

will have computers to process large quantities of data 

The system will be designed for optimum utilization of human 
and computer skills. Responsibility for air space will be divided 
among several controllers. One promising means for division 

is according to altitude slices diagram above 


= DEMANDS for air trans- 
portation and revolutionary devel- 
opments in air travel have caused 
more and more serious traffic-man- 
agement problems. 

Two symptoms of this situation 
have alerted the flying public. One 
is the increasing number of delays 
experienced by airline flights—de- 
lays that force discomforts on pa; 
sengers and cost the airlines mil- 
lions of dollars a year. The other 
is the increasing number of reported 
“near misses”—the threat of mid- 
air collisions. 

These are the problems most fa- 
miliar to air travelers, but they are 
merely manifestations of the great 
change taking place in conditions 
of flight, as airspace is becoming an 
increasingly busy avenue of trans- 
portation. Business, military, and 
commercial aviation is fast out- 
growing the “see and be seen” era. 

All this does not mean that flying 
today is hazardous. Scheduled fly- 
ing is still many times safer than 
traveling equivalent distances in 
the family automobile. 

This safety has been accom- 
plished by compromising the effi 
ciency of aircraft operations, be- 
cause the almost manual system for 
air traffic control practically has 
reached the limit of its capability 
to accept additional increases in 
traffic volume. 

Increasing traffic provides an in- 
creasing load of data to be man- 
aged, and capacities of the manual 
data processing system hold little 
hope of meeting the need. Adding 
more personnel, positions, super- 
visors, teletypewriters, and message 
centers is only a temporary measure, 
which will be outpaced quickly by 
expanding demands. 

Human resources are being aug- 
mented to overcome these complex 
traffic problems in the jet age. The 
present manual control system is 
being replaced by a semi-automatic 
one. 

Most thoughtful individuals 
would agree with the controllers’ 
reluctance to adopt untried theoret- 
ical solutions. Although automation, 
or machine data processing, is a 
good theoretical solution, it must be 
implemented with care. The auto- 
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AIR TRAFFIC CONTROL 


by Thomas A. Holdiman, chief of air traffic branch, System Development Corp. 


BUSY AIRPORTS such as Midway 

right and below) are staffed 

with highly trained personnel and equipped 

with teletypeu riters and message centers 

that rapidly are being outpaced 

' by expanding demands of air traffic 
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mation features adopted must be 
“fail-safe” and practical; they must 
solve fundamental and long-range 
problems and be compatible with 
system growth 


Computers and programs 


Automation in a large, complex 
system means acquiring not only 
computers but also devising com 
puter programs to translate opera 
tions from the language of humans 
to the “language” of machine 
switching. A computer program fur 
nishes the switching logic, deter- 
mines how the computer is em 
ployed in the system, and provides 
readout of significant information 
Therefore, the practical testing of 
an automated system is more than 
just analyzing hardware. It includes 
a demonstration of the operational 
capabilities of the computer pro 
gram and has the further implica 
tion that the program must be 
ready also for testing 

Failure to provide adequate com 
puter data-processing capacity in 
the air traffic control system will 
mean penalties such as _ habitual, 
costly failures of aircraft to meet 
schedules, or absorbing the shock 
of increasingly frequent air trage 
dies 


The coming overload of data 


Data to be processed for air traf 
fic control is growing because of 
three principal factors: increases in 
the number of airborne aircraft, 
requirements for control of a great 
er proportion of airborne aircraft, 
and demand for a better quality of 
control 

The number of airborne aircraft 
is increasing not only because of 
inventory, but because of a trend 
toward better utilization of aircraft. 
Estimates place the inventory in- 
crease as great as 75% in the past 
10 years 

The requirement for control of 
more of the airborne aircraft results 
from the characteristics of high- 
speed aircraft (more aimed than 
controlled—less seen and less seen 
from), from the great disparities in 
performance among aircraft, and 
from the need for better airspace 
utilization under dense traffic condi- 
tions. Safety officials and aircraft 
operators alike are looking for posi 
tive control of flights. 

The demand for better control is 
being met by introducing more 
equipment. Radars, beacons, and 
ranges are generating information 
that will overtake data processing 
capabilities rapidly. Each air-traffic 
development serves to multiply the 
amount of data generated; taken 
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together they make the situation 
difficult. 

Computers are data - processing 
tools. Properly operated they can 
rapidly, efficiently, and precisely 
process quantities of information 
frequently not manageable in any 
other way. In one air control sys- 
tem, SAGE (Semi- Automatic 
Ground Environment for air de- 
fense) , computers operate to collect, 
organize, and distribute information 
for decisive action by human con- 
trollers 

Rapid communication among con- 
trol personnel through the computer 
permits specialization in the man- 
agement of such a complex task as 
destroying invading enemy aircraft 
with missiles which must be guided 
around friendly traffic. This whole 
task depends on the computer as- 
sisting in the integration of many 
simpler tasks. Such a control is a 
coordinated thing of far greater 


present position 


past positions 
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flexibility, speed, and capacity than 
is possible with any combination of 
men and machines not involving a 
computer. 


Speculation on what a computer 
ized air traffic control system logic- 
ally might become starts with the 
examination of today’s control sys- 
tem through the eyes of a data- 
processing engineer. The present 
“enroute” system maintains air sur- 
veillance through a manually oper- 
ated bookkeeping system based on 
flight plans and updated with posi- 
tion reports. 


Controllers use position informa 
tion to compare estimated present 
and intended positions. When nec 
essary, controllers take positive ac- 
tion to insure prescribed separation 
among aircraft. Approach and ter- 
minal systems assume much more 
detailed direction and have radar 
position information available. 
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A natural for computers 


Bookkeeping was one of the first 
jobs undertaken with computers. 
Today SAGE computers record pro- 
posed and intended aircraft posi- 
tions based on flight-plan data. 
They identify discrepancies between 
proposed flight plans and actual 
positions of aircraft as determined 
by radar, and give warning to air 
defense personnel when these occur. 

The utility of adapting and ex- 
tending these SAGE routines for 
air traffic control purposes is readily 
apparent. Nevertheless, much work 
remains before these potentially 
useful procedures can be exploited 
to keep pace with the growing data 
processing loads facing air traffic 
controllers of the future. 

Present plans call for computers 
to assist controllers at several air 
traffic centers. The immediate appli- 
cations are to be machine transla- 
tions of normal flight plan messages. 
Unambiguous and simply worded 
flight plans then will be elaborated 
into a detailed route for the aircraft. 
True air speeds and wind correc- 
tions are to be used to calculate 
the time when an airplane is ex- 
pected over each turning point and 
reporting point. 

The computer will print out flight 
strips with the appropriate informa- 
tion which will be used by control- 
lers. Basic data given the controllers 
are likely to be more reliable than 
if produced by present manual 
methods. The computer sends mes- 
sages from information in storage 
and can forward flight plan infor- 
mation to other control centers rap- 
idly and automatically. 

This first computer application to 
enroute control is a basic first step 
which lays the groundwork for all 
succeeding steps. Once correct data 
are received, a properly checked 
out computer program will con- 
tinue to insure correct, instantly 
available information — suitable for 
other control applications, manual 
or automated. 


Increasing airspace 


Limited airspace is increasingly a 
problem. Air-route capacities are 
reduced by too-generous separation 
requirements, because of position 
uncertainties and the awkwardness 
of the air route structure for accom- 
modating diversions to avoid con- 
flict. The restriction of flights to 
specific airways is also a limitation 
on the ultimate volume of air traffic 
to be managed. Automation can 
help to improve the use of airspace 
and to increase the volume of con- 
trollable airspace. 


Better airspace utilization is pos- 
sible by adding what SAGE can 
accomplish to present computers. 
Such a development would accom- 
plish position bookkeeping of flight 
plans and would integrate radar in- 
to the system. Using radar data to 
follow enroute aircraft would reduce 
the uncertainty of aircraft positions 
and ultimately would decrease the 
separation distances required. A 
means for reduction of separation 
distances, paralleling what has hap- 
pened with radar applications to 
terminal traffic, is to be expected. 


Following flights enroute 


Applications of radar to enroute 
control introduce complications dif- 
ferent from those associated with 
the use of radar at terminals. Man- 
ual flight-following of aircraft re- 
quires much more attention just to 
maintain continuous positive identi- 
fication than to provide positive 
visual separation. 

It is possible to refine the present 
SAGE capability of flight planning 
and tracking to aid the controller. 
Such aid would permit updating the 
flight plan in accordance with pres- 
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ent positions, as determined by com- 
puter tracking. It is possible, in the 
future, that a computer may inte- 
grate all of the position factors 
(flight plan, radar, winds, etc.) on 
each flight and at an appropriate 
time summarize and send the infor- 
mation to the controller. 


Detecting conflicts 


Any air traffic control system 
must be capable of detecting and 
resolving conflicts, when two or 
more aircraft attempt to fly closer 
together than the minimum pre- 
scribed separation times or dis- 
tances. The present system makes 
conflict detections, but limited to 
the airways. Besides limiting the 
airspace available for use, it intro- 
duces needless operating expenses. 
Better control of airspace is gener- 
ally beyond the capacity of the 
present computer-aided manual sys- 
tem. Conflict detection off the air- 
ways is usually unmanageable with 
manual control. 

The first step in broadening the 
coverage is to provide the air-traffic 
controller with accurate positional 
information either on or off airways. 
Already SAGE can track aircraft 
off airways quite as easily as on. 
Once such a comprehensive record 
and projection of the air situation 
is available, it is possible to under- 
take a more generalized program, 
solving for off-airways as well as 
airways conflicts. 


A static grid-sorting system 


For the controller of the future, a 
general conflict detection program 
would be an important aid. For the 
required filing and sorting, the 
digital computer is especially well- 
adapted. Exploiting this character- 
istic might appear the most promis- 
ing of many possibilities for conflict 
detection. Using grid methods, the 
entire airspace would be divided 
into squares of a size appropriate 
for maintaining separation. 

A set of such squares for the en- 
tire control area would be provided 
for each and every altitude at a suc- 
cession of future times. Using flight 
plan information the computer then 
would undertake a fast simulation 
to project all flights to their esti- 
mated positions for each of the fu- 
ture times. The computer would 
sense and report any two aircraft 
found at the same time in the same 
or adjacent squares. The entire sim- 
ulation and sorting calculation 
would be repeated periodically to 
insure continuing surveillance. 

But there are difficulties with 
grid-sort methods. Using squares 
or hexagons is a relatively rigid 
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technique; it is very difficult to vary 
sizes of the grids. Supplemental 
computations of such aspects as rel- 
ative headings and convergence 
speeds would be essential. Even in 
its simplest form, the static grid- 
sort method appears relatively ex- 
pensive. 


Dynamic flight plans 


In the long run, dynamic separa- 
tion methods better. These 
methods usually involve comparing 
each leg of a flight plan with the 
legs of every other flight at the same 
altitude. The number of calculations 
is based on the number of legs in 
all the flight plans. At the start of 
the real-time program the iterations 
required for many flights in the sys- 
tem could be large 


seem 


A valuable property of dynamic 
separation methods is the achieve 
ment of economy together with 
safety. Because dynamic calcula- 
tions are paired comparisons, each 
flight is related to all others. Once 
the computation is made to evaluate 
a particular flight plan with respect 
to all other ftight plans, it need not 
be repeated unless there is a change 
in the plan. The elaborate, infallible 
bookkeeping system of the compu- 
ter comes into its own. It is not nec- 
essary for the computer to re-scan 
and re-integrate the entire air situa- 
tion continuously as might be re- 
quired of a controller. 

Various dynamic separation meth- 
ods are possible, and they might 
involve circular or rectangular sep- 
aration shapes (See diagram be- 
low). One of the most promising 
methods is a time and spatial com- 
putation. This can be thought of as 
the generation of a “pseudo”-airway 
for each flight path. Any other flight 
path intersecting the generated 
pseudo-airway is separated from the 
aircraft on the airway by a selected 
separation time (perhaps 10 min 
utes) just as aircraft are separated 
by time at airway intersections to 
day. In cases of flight paths which 
converge at narrow angles or which 
actually are parallel, lateral separa- 
tion must be provided. The pseudo- 
airways therefore have width as well 
as intersections. In the dynamic time 
and space separation method, sepa- 
ration parameters can be varied to 
meet operational conditions. 

When a conflict is sensed there 
is the problem of resolution, and 
here the computer can provide only 
limited assistance. This is true for 
several reasons. There are likely to 
be large numbers of diversion alter- 
natives or many criteria for diver- 
sion preferences. While all the vari- 
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ations and combinations eventually 
could be made explicit, the rules 
might change from day to day, and 
it would be a very difficult thing to 
change computer programs on short 
notice. 


What computers could do 


With the availability of radar and 
the utilization of the entire airspace, 
controllers might resolve some con- 
flicts in a very economical fashion 
by a simple lateral diversion. They 
would direct one aircraft around 
the other, without either changing 
its attitude. Given a diversion dog- 
leg or route designated by the con- 
troller, the machine would compute 
the course, time and heading to the 
turnpoint, and then the return to 
the original flight course. SAGE- 
like tracking would relieve the con- 
troller of flight following unless the 
aircraft needed re-direction. 

With a computer bookkeeping 
system, it is possible to undertake 
enroute control of airway intersec- 
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tions and terminal landing and 
takeoff rates. 

A computer also could furnish a 4 
method for tracking cruise climb . 
by jets. A variable-altitude book- ‘ 


keeping system seems especially 
useful for a limited number of 
flights such as jet flights. The pilot 
might be required to give his alti- 
tude at each reporting point and to 
provide an estimated altitude for 
the next reporting point. It would 
be comparatively simple for the 
computer to keep track of where the 
aircraft should be in terms of one 
dimension —altitude—at any given 
point; SAGE now does this for 
flight plans in two dimensions be- 
tween turnpoints. The computer 
could detect conflicts between air- 
craft at the same altitude. 
Long-range planners are explor- 
ing ways to provide data-processing 
capacities for air traffic control suf- 
ficient to manage the enormous re- 
quirements of radar tracking, off- 
airways position bookkeeping, and 


conflict detection. Powerful compu- 
ters are being produced for key 
SAGE control centers. Because of 
the overlapping functions of air 
defense and air traffic for aircraft 
surveillance and identification, con- 
sideration is being given to includ- 
ing provisions for processing high- 
altitude aircraft data. 

Air defense-air traffic integration 
would solve the especially difficult 
problems of high-altitude control 
and flight following. Moreover, it 
might provide assistance to low- 
altitude control and terminal cen- 
ters. 


How does the human 
controller fit? 


The most serious technical prob- 
lem to be overcome before the ad- 
vent of the larger computers is com- 
munication between the human 
controller and the computer. Today, 
the controller simply receives a 
flight strip on which most of the 
reference data is noted. He anno- 
tates the strip with time of arrival 
and any unusual information, with- 
out having to repeat the reference. 
Until more sophisticated means of 
communication between controller 
and computer are provided, a con- 
troller may have to communicate 
with a computer by designating the 
complete reference along with the 
content of the message by means of 
a typewriter keyboard. 

To achieve optimum utilization 
of both computer and controller, a 
basic step is the identification of 
skills at which men are most effi- 
cient, and those at which the com- 
puter is best. For example, the 
controller interprets and makes a 
decision based on information which 
the computer displays on a plan- 
position scope. 

Although human integration of 
tracks on the scope is a highly de- 
sirable thing, the information dis- 
played is no better than that which 
the conflict detection program has 
already processed and used. As in 
any other reliable bookkeeping sys- 
tem, controller actions should be 
stimulated by exceptions to the or- 
derly flow of traffic as determined 
within a comprehensive and reliable 
position-comparing accounting sys- 
tem. Certainly, the controller’s time 
should not be devoted to duplicat- 
ing the computer’s work, except 
where duplication permits him to 
perform his own task better. 

A present tendency is to make a 
controller responsible for a small 
area at all altitudes. Smallness per- 
mits magnified displays of the sub- 
area which is the individual con- 
troller’s responsibility. 


Problem of the hand-over 


But the trouble is it introduces a 
series of hand-overs between con- 
trollers. Moreover, with conflicts be- 
ing forecast up to perhaps thirty 
minutes ahead of time, controllers 
may find themselves diverting one 
aircraft which will conflict with an 
aircraft under control of another 
controller through an area under 
cognizance of a third or perhaps a 
fourth controller. 

With computer - processed data, 
better solutions than dividing by 
area are probably available. For in- 
stance, such data can provide actual 
and intended positions for all the 
aircraft at particular altitudes over 
the entire control area. This is an 
apportionment of control responsi- 
bility consistent with the fundamen- 
tal logic of separation. It uses alti- 
tude as the principal subdivision. 

The controller then can adjust 
for variations in lateral and longi- 
tudinal aircraft positions. It is like- 
ly that several thousand feet may 
be included in each sector of con- 
trol. Altitude slicing seems espe- 
cially useful for horizontal diversion 
of one aircraft around another. In 
many circumstances, this method 
may be by far the most economical 
and the least disturbing and, with 
radar data, quite controllable. With 
altitude slicing, there usually would 
be no hand-over to another control- 
ler on a lateral diversionary dogleg. 

Unquestionably, the display for 
a large control area will be small 
scale, using available equipment. 
However, with magnifications avail- 
able for examining any locale, as in 
SAGE, appropriate detail can be 
obtained. The controller can scan 
the general situation, let the compu- 
ter account for details, and manage 
the exceptions of which he is 
varned. As he takes each difficulty 
or conflict in turn, he may choose 
to magnify the area of interest ac- 
cording to the need at the time. 

Future developments in aircraft 
communications and navigation 
equipment seem likely to increase 
dependence on computers. Such ad- 
vances as automatic position report- 
ing will transmit data in forms and 
in quantities not manageable by 
manual methods. Although automa- 
tic position reporting by the air- 
craft might supplant radar, it should 
not displace the computer. 

The orientation of operations per- 
sonnel must change if automation is 
to make early progress. Operating 
officials must become computer- 
conscious and define operational 
concepts long before they are put 
into effect if air-traffic control needs 
are to be met. * 


PROTOTYPE OPTICS 
From Stock — 


Whatever your LENS requirements .. . 
be it new optical systems or replacements 
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FACTS 
you should know 


commercial uranium 


What is Commercial Uranium? 


Commercial (depleted) uranium contains the uranium 
isotopes that remain after the removal of U-235 (with a 
week's radiation exposure only about 110th to 100th 
the radiation received from an ordinary chest X-ray). It 
is useful in a variety of industrial applications. 


Uranium has many interesting properties. 


For example, Davison Uranium has exceptional density 

68°. greater than lead and about equal to gold. This 
indicates usages as counterweights in aircraft, shipbuild- 
ing, tool making industries— wherever high weight and 
low volume are factors. It alloys readily with many met- 
als including aluminum, chromium, copper, iron, manga- 
nese, molybdenum, niobium, nickel, silicon and zirconium. 
Corrosion resistance is increased when uranium is alloy- 
ed with one of these metals. Davison Uranium possesses 
high tensile strength and low thermal ul expansion. While 
Tairly hard (Brinnell 240) at room temperature, uranium 
becomes very malleable as temperature rises. At 1100 
F. its hardness drops to about 20. 


Is Davison Uranium easy to fabricate? 


Davison Uranium may be melted and cast into any de- 
sired shape. It may be formed by extrusion, drawing, 
rolling, swaging, pressing or forging. 


You can machine Commercial Uranium with conven 
tional carbide-tipped machine tools, bearing in mind that 
it has work-hardening characteristics similar to those 
of stainless steel. 


It is necessary to machine uranium under water solu- 
ble lubricants. Commercial Uranium has been machined 
on a number of tools including lathes and automatic 
screw machines, saws, high-speed mills and centerless 
and surface grinders. 


How about welding? 


Success in welding Davison Uranium has been achieved 
using the Heliarc and shielded arc-consumable elec- 
trode process. At this date experiments continue in 
joining uranium to uranium by brazing or soldering. 
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How has Commercial Uranium been used? 


Present applications include shielding materials, tela- 
therapeutic heads, isotope containers; as counter- 
weights and static balances. And, for many years, as 
coloring agents and glazes. 


Is Davison Uranium safe? 
Radiation exposure _is_ virtually non-existent. AEC 
Tests indicate that a person can work week after week 


with depleted uranium without exceeding recognized 
radiation exposure levels. 


However, just as other heavy metals such as lead are 
toxic if breathed, care must be exercised to avoid in- 
halation of dusts. A properly ventilated work area 
removes this dusting problem. 


Must special storage precautions be taken? 


Uranium metal (except fines) can be handled and stored 
with methods similar to those used with any other massive 
metal. Fines, however, are flammable and should be 
stored under oil or water. 


Is Commercial Uranium expensive? 


= at all For example, in lots of 1400 pounds or more 


*ommercial Uranium is priced at just $4.60 per pound 
—considerably cheaper than other heavy metals, with 
the advantage of superior density. 


Need more information? 


/ A letter will bring you additional details for the appli- 
cation of Commercial Uranium to your products or 
processes. Write today to Department C-101, Erwin, 
Tennessee. 


dé: 


w.r.GRACE aco. 


DAVISON CHEMICAL DIVISION 
ERWIN, TENNESSEE 
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automation 
upgrades 

not workers 


EDITOR’S NOTE: This is the second in a series of 
Industrial Research articles on automation designed 
to present divergent views for consideration by re- 
search innovators and technical management. The 
first article, “The Automation Controversy” (l*R Feb- 
March 1960) presented the views of Dr. James Stern, 
international representative of the UAW. 


by Dr. Walter Buckingham, director, school of industrial management, Georgia Institute of Technology 


Bd vromarion is one of the most significant tech- 
nological developments in history, somewhat com- 
parable in scope to the industrial revolution that 
began in 18th century England. Mechanization, be- 
ginning with the industrial revolution; mass pro- 
duction, characterized by continuous processes; and 
automation are the three major phases in the devel- 
opment of modern industry. 

Automation is creating many problems, which will 
require new attitudes and efforts by management, 
labor, and government if possibly serious social and 
economic effects of automation are to be minimized. 
But automation should not have such serious ef- 
fects as those created at the time of the industrial 
revolution. 

The industrial revolution led to the substitution 
of machinery for human or animal muscle, and in 
addition, standardization of equipment, specializa- 
tion of labor, and rationalization of thought. Con- 
sequences were the factory system of preduction 
and the separation of labor from management. 

The birth of mass-production technology and 
the concept of continuous flow, which occurred 
early in this century, was little known at the time 
of the industrial revolution except in a few cases, 
as in flour mills. 

Continuous - process technology in the factory 
permitted a large increase in productivity, using a 
new system of organizing activities. Continuous- 
flow methods now are possible in industries that 
process fluids (such as oil, milk, or beer) or homo- 
genous dry products (such as paper, flour, or ce- 
ment), or that manufacture and assemble separate 
standardized products, such as automobile engines 
or electric motors, where transfer machines can be 
used. 


Rise of a management class 


Mass production created the necessity for con- 
tinuous output and an increased scale of operation 
that required a further separation of classes. Own- 
ership of industry was divorced from management, 
and atomized into shareholdings so that vast 
amounts of capital could be raised to acquire new 
assembly-line equipment. 

Since WW II ended, automation in many coun- 
tries has added the elements of control and deci- 
sion-making, turning many factories from haphaz- 
ard collections of machines into single, intergrated 
units. Automation is thus a logical outgrowth of a 
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process of technological develop 
ment that is now more than 200 
vears old: 

s Mechanization was a technolo- 
gy based on forms and applications 
of power. 

s Mass production was a tech- 
nology based on principles of pro- 
duction organization. 

# Automation is a_ technology 
based on communication and con- 
trol 

The similarity and the logical 
connection between automation and 
the earlier industrial revolutions of 
mechanization and mass production 
have raised the question: Is automa 
tion likely to be accompanied by 
the same undesirable economic ef 
fects that accompanied earlier tech- 
nological developments? 


What price abundance? 


For example, must the abundance 
permitted by automation also be 
accompanied by downgrading of 
skills and increases in unemploy 
ment and poverty for a large seg 
ment of the population? 

Or must a super-rationalism con 
trol society, transforming it into an 
exact mechanism in which all ele 
ments of chance, risk, caprice, and 
free will are eliminated? Popular 
works of fiction have painted awe- 
some pictures, exaggerated perhaps, 
but not to be taken lightly 

Few are afraid of technological 
progress anymore, but this does not 
mean that all innovations must be 
accepted without criticism. 

Economic forces attendant to in- 
dustrialization have led to educa- 
tional opportunities, efficient, demo- 
cratic government, the decline of 
superstition and traditionalism; in 
short, a better life. But the full ef- 
fects of mental enslavement result- 
ing from mass techniques are not 
yet realized 

Although our society has the 
highest living standard in history, 
it is almost dependent upon ma- 
chines. The moron mentality of ma- 
chines has measured our culture, 
not in terms of intellectual or ar- 
tistic accomplishment, but in terms 
of automobile horsepower, cigaret 
mildness, and deodorant durability. 
We seem to have sacrificed ideas 
for notions 
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Half the cost: administration 


Automation has had a profound 
effect on plant and office managers. 
A few years ago, management and 
administrative staffs comprised only 
a small part of total labor costs 
Today, in a typical large enterprise, 
they are half the employment cost. 
For example, 50°, of General Elec- 
tric’s 200,000 employes are salaried 

Increasing the effectiveness of 
management and administration is 
now a problem of prime importance 
to all business firms. In 1900, only 
one worker in 40 was a clerk. Using 
pen and ink, he fulfilled the record- 
keeping, accounting, and statistical 
needs of the economy. In 1930, one 
worker in 12 was a clerk. Today, 
one out of seven is a paper worker, 
despite a vast amount of mechani- 
cal help. 

In the last decade, clerical work- 
ers increased 52°7, while production 
workers rose only 5°. Today there 
are two-thirds as many clerks in 
the United States as factory work 
ers, and 50°; more than farmers 
The nation’s clerks have increased 
33°, in the last decade while direct 
production workers have not in 
creased at all. 

Automation promises to reverse 
this trend. The greatest non 
manufacturing potentiality for auto 
mation is in the communication, 
storage, and manipulation of infor 
mation. Automation of check han- 
dling now is facilitated in many 
large banks by magnetic ink im- 
printed on checks and read by auto- 
matic sorting machines. One of these 
machines can sort 750 checks per 
minute, saving from 25 to 40°, of 
the bookkeeping department’s time. 


Computers do more 
than replace clerks 


But electronic computers and re- 
lated equipment have applications 
far beyond office routines. They can 
do many things never before possi- 
ble. 

For example, Atwood Vacuum 
Machine Co. in Rockford, IIL, a 
firm with 1,500 employes, installed 
a computer in 1958 estimated to 
save 157% on clerical costs. The 
savings alone would not have justi- 
fied its use, but the main purpose 
was production control. Previously 


S. Senate-House Economics Committee. Formerly, Dr. Buckingham 
was secretary and director of the National Executive Life Insurance Co., 
director of Georgia Tech’s public utility executive course, and a consultant 
to several utilities. He was educated at Georgia Tech, Indiana University 
ceived a Ph.D. degree), and at the University of London 
His article is based upon his book 


on automation to be published by Harper and Brothers, New York 


the firm had to schedule production 
from sales forecasts. The computer 
allowed production and inventories 
to be scheduled after orders were 
received. The result has been a 50°; 
reduction in inventory while sales 
volume has increased 

Many traditions and established 
procedures have to be sacrificed to 
computer rule. Inventory and ma- 
terials control will become impor 
tant functions with automation 
Some cost accounting methods will 
have to be revised. Labor costs, for 
instance, will be obsolete as a basis 
for allocating overhead 

One major American company, 
for example, traditionally 
had distributed the indivis- 
ible costs of administration, 
interest, advertising, and 
other fixed charges accord 
ing to the number of work 
ers in each department. 
With the introduction of 
automation into one depart 
ment, the number of work 
ers and overhead charges 
fell steadily although capi 
tal investment and output 
for the department rose 
Finally, the last direct pro 
duction worker was trans 
ferred out and the account 
ing department no longer 
had a base for calculating 
overhead. Thus it became 
imperative that a new, more 
useful, basis for distributing 
fixed costs be determined. 


The victory over paper 


Automation probably will 
not reduce the need for 
clerical workers when elec- 
tronic computers are used for proc- 
essing production data. Although 
much of this kind of data process- 
ing now is being done, it was never 
possible before. Hence, it does not 
displace any clerks. 

But in office operations, automa- 
tion takes over many existing jobs. 
Even here computers do many cal- 
culations never possible before. 


About 7% of all office work in the 
United States now is done by auto- 
matic machines, according to IBM, 
which hopes to see 35% of offices 
automated. One writer terms this 
“the coming victory over paper.” 
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Automation seems to improve 
working conditions in several ways. 
In nearly every case there is greater 
safety because of mechanized ma- 
terials handling, elimination of the 
most hazardous jobs, and reduction 
of the number of people in direct 
production areas due to remote con- 
trols. Hernia, eye trouble, and foot 
accidents virtually have disappeared 
in Ford’s automated Cleveland en- 
gine plant. 

(Unfortunately, the decline of 
physical hazards in some cases has 
been offset by an increase in emo- 
tional hazards; for example, stom- 
ach ulcers have been increasing 
among machine tenders. 
Yet, the net effect is clearly 
a vast improvement in 
safety conditions. ) 

Automation also permits 
cleaner and more pleas- 
ant surroundings. Some 
foundry workers never 
touch the molding sand ex- 
cept through curiosity; some 
refinery oil workers could 
wear dinner jackets and 
white gloves on the job; and 
§ automated grain mills have 
§ eliminated all dust. House- 
_keeping in the plant is 
easier with automation. 


Automation downgrades 
workers 


But automation has not 
improved all working con- 
ditions, nor does it seem to 
have upgraded workers sub- 
stantially. Familiarity with 
more equipment is not the 
same as upgrading. It is a 
more intensive knowledge 
that counts. 

A Bureau of Labor Statistics 
study of an insurance company 
showed only about five out of 20 
workers transferred to computer 
operations were upgraded. None of 
the 56 who was retrained in other 
jobs was upgraded, although several 
new employes with higher skills 
were hired from outside. Other 
studies concur. The direct effect of 
automation in those plants, as stud- 
ied by Bureau of Labor Statistics, 
apparently is either negligible or 
slightly downgrading, depending 
upon the industry. 


A shift to mobility 


While workers have not been up 
graded in the short run, an upgrad- 
ing of jobs may be taking place 
over the long run. It will be the 
newer, younger workers entering 
the workforce who can expect high- 
er skilled jobs in programing, ma- 
chine design, and engineering. This 
shifts the problem to training, edu- 
cation, and occupational mobility. 

As Dr. James Stern of the United 
Automobile Workers has shown in 
the first of this series on automation 
(“The Automation Controversy,” 
IeR Feb-March 1960, p. 50), out- 
put has risen enormously in several 
industries that have been automa- 
ting, yet the number of direct pro- 
duction workers has declined. 

Other studies support Stern’s 
contention. According to testimony 
before Congressional hearings on au- 
tomation, the output of the chemi- 
cal industry rose by 53° between 
1947 and 1955, while employment 
in direct production increased only 
1.3% during the same period. Cen- 
sus data for the past 10 years show 
managers, clerks, and professional 
and technical workers all growing 
rapidly as a percentage of the work- 
force, craftsmen and foremen re- 
maining about the same, and semi- 
skilled and unskilled workers 
falling. 


Postponed layoff 


Stern notes an apparent contra- 
diction between industry statistics 
and case-study results, the indus- 
try-wide statistics showing reduced 
employment not found by individ- 
ual case studies. One explanation 
for these discrepancies is that per- 
manent reductions in the workforce 
due to technological changes some- 
times are postponed until a general 
downturn permits layoffs to be 
blamed on national or international 
conditions. Then, when recovery oc- 
curs, fewer are recalled than were 
laid off. Here lies part of the ex- 
planation of why unemployment 
has remained so high since the 
1957-58 recession. 

Automation apparently has pro- 
ceeded slowly enough so that nor- 
mal turnover disguises some of its 
effects. The unions call this “silent 
firing.” In the long run the worker 


not hired, rather than the one fired, 
may present the greatest challenge 
to the economy. 

The Bureau of Labor Statistics 
has made a number of automation 
case studies in a variety of indus- 
tries. Nearly all of them reveal that 
few if any regular employes have 
been laid off directly as a result of 
automation. In a study of a large 
bakery, for example, the plant was 
automated in 1952, and in 1953 the 
workforce was down by 4.4% due 
partly to layoffs and partly to nor- 
mal attrition. The next year, how- 
ever, sales increased, output ex- 
panded, and employment rose 3.6%. 
By 1955, total employment had 
reached its highest peak since 1951 
—about 6% above the 1951 level. 


Automation in stages 


A manufacturer of TV sets stud- 
ied by the Bureau of Labor Statis- 
tics showed no employes laid off 
as a result of automation; in fact, 
new job classifications and new ma- 
chine-tending jobs were created. 
But there were complicating fac- 
tors. Automation was introduced in 
two stages in a period of about 
three years. Printed circuits were 
substituted for hand wiring. Two 
years later, a mechanical device to 
insert the components was intro- 
duced to replace hand soldering. 
Foremen and union officials were 
informed of the changes only two 
weeks in advance; workers learned 
of it by the “grapevine.” 

Also, the plant was automated at 
a time of model changeover and of 
general employment expansion in 
the industry. Pay rates on the auto- 
mation jobs were set at 5 to 15% 
above straight time for unskilled 
assemblymen. The company as- 
serted that with increased produc- 
tivity it would be able to improve 
its position in the industry through 
more diversified production. 

Statistics and studies suggest that 
automation does improve working 
conditions, but does not significant- 
ly upgrade workers in the short run. 
In the long run, jobs definitely seem 
to be upgraded. Whether people are 
or can be upgraded is a matter best 
considered as a problem of the ab- 
sorption of displaced workers. 
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Counteracting unemployment 

The often-expressed fear that au 
tomation will lead to overall unem 
ployment is inconsistent with long 
run statistics on mechanization, and 
generally is exaggerated with regard 
to automation. Automation to any 
degree probably will be limited to 
industries which employ less than 
half of the United States labor 
force, including manufacturing 

25%, of all workers) and office 
clerks in large firms (another 25°; 
Automatic controls do not replace 
the labor force entirely, although 
in terms of hours there is a consid- 
erable saving 

As routine clerical and operative 
jobs are abolished, new maintain 
ance and technical jobs are created 
which oifset the job loss. Extensive 
training and educational programs 
will be required as the labor force is 
upgraded, these to some extent will 
counteract unemployment 

But the impact of automation on 
individuals should not be under 
estimated. Don Mitchell, chairman 
of the board and former president 
of Sylvania Electric Products Corp., 
said: 

“It doesn’t do much good to try 
to convince an individual worker 
that over a 25 years’ span there is 


no such thing as technological un- 
employment. He doesn’t care wheth- 
er there is or not. All he is worried 
about is that he lost a job.” 

Those who disparage fears of 
technological unemployment often 
assume the existence of a self-ad- 
justing labor market. The real dan- 
ger is the delay in absorbing dis- 
placed workers. 

Displacement is not the same as 
unemployment, since displacement 
is an individual effect, while unem- 
ployment is an aggregate effect. A 
displaced worker is counted as un- 
employed only when he cannot find 
another job within a _ reasonable 
time. In the past when machinery 
has replaced production workers, 
the men have been partly absorbed 
by increased employment in travel, 
entertainment, and personal serv- 
ices. Automation should accelerate 
this process 

Plenty of facts show that the less- 
mechanized service industries al- 
ready have experienced a consistent 
growth of employment at the ex- 
pense of the more mechanized 
goods-producing industries. In re- 
cent years, service employment dou- 
bled, while goods-producing em 
ployment was increased by only 
4%. 

Case studies 
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of displacement 
because of au- 
tomation indi- 
cate the highly 
particular and 
individual na- 
ture of the prob- 
lem. In the au- 
tomated bakery 
studied by the 
Bureau of La- 
bor Statistics, 
only 5% of 
workers were 
displaced by 
automation al- 
though 25% 
were expected 
to be. The 
workers most 
affected in the 
bakery were 
materials han- 
dlers, mixer 
helpers, and 
bread wrap- 
pers. Efforts 
were made by 
management to 
reassign these 
workers to new 
jobs. Displaced 
bread wrappers 


A Member and helpers 


Group were trans- 
ferred to newly 


created sanitation jobs. 

In an oil-refinery study, only one 
of 164 workers directly affected by 
automation actually was laid off, 
although 81 workers were displaced. 
Of these, 67 were reabsorbed into 
other jobs with the firm, types of 
jobs equal to or better than their 
previous ones, except for a few in- 
dividuals who took lower classifica- 
tions by choice. In another depart- 
ment, 62 workers were displaced, 
47 of whom were offered jobs com- 
parable to their old ones in the 
same plant. 

Displacement of labor from auto- 
mation is inevitable as it is from 
all technological change. The trac- 
tor displaced millions of horses. But 
workers never again can be treated 
like horses, and displacement can- 
not be allowed to accumulate into 
pools of unemployment. Leaders of 
management and labor jointly must 
assume responsibility for relieving 
the hardships caused by automa- 
tion. 

Relieving hardships, however, 
does not mean holding back tech- 
nological progress. Workers must 
continue to move from place to 
place, change occupations, and adopt 
new attitudes (as does capital), but 
business firms and governments will 
need to pay for a larger share of 
the cost. 

Displacement is essential 

Those who say that there is no 
technological unemployment are 
right if they mean that past depres- 
sions and mass unemployment can- 
not be traced directly to technologi- 
cal progress. But this is not to say 
that there is no such thing as tech- 
nological displacement, which is an 
essential element of automation as 
it was of mechanization. 

Personal hardships caused by this 
displacement must be insured 
against, but the displacement itself 
must not be prevented. Free move- 
ment of workers, capital, and natur- 
al resources among alternative oc 
cupations and geographical areas 
are necessary for obtaining the ben- 
efits of technological progress. With- 
out flexibility and mobility of all 
productive resources, our economy 
would stagnate. 

Displacement can lead to unem- 
ployment, but it need not if certain 
conditions prevail. Since automa- 
tion creates new jobs as it destroys 
old ones, the rate of automation is 
a critical factor. To control this rate 
and ease the transition hardships, 
management, labor, and government 
must join in assuming responsibil- 
ity for preventing those individual 
tragedies that are inevitable from 
automation. ~ 


1 
am 
l 
64 


PLANNING RESEARCH 


Since joining Shell in 1938, 
Dr. Harold Gershinowitz has served 


as research director 

for manufacturing, director 

of exploration and production 
research, vice -pre sident of Shell 
Oil, and since 1953, as president 
and director of Shell Development 
He received his BS from City 
College of Neu York and his AM 
and PhD from Harvard, and pursued 
post-doctoral research at Columbia 
Dr. Gershinowitz recently 

has publishe d several articles 

on research administration. 
Currently, he is active in academic 
associations at Harvard and MIT 


by Dr. Harold Gershinowitz, president, Shell Development Co. 


the case of an interesting molecule 


|) THE TIME LAPSE 


between discovery of a new product 
or process and its commercial appli- 
cation is a universal goal. Five years 
is often cited as an acceptable pe- 
riod and three years as a desirable 
objective. Our own experience has 
been much the same as other’s—the 
average elapsed time for commercial 
application of new discoveries is 
somewhere between three and five 
years. 

The case history discussed here is 
an unusual one, not because it illus- 
trates a remarkably short time, but 
rather a remarkably long one. More 
than 20 years have gone by since the 
discovery at our Emeryville labora- 
tory of an attractive synthesis for 
acrolein. Only now is a full-scale 
commercial plant with a capacity 
of more than 35-million pounds per 
year starting operation at the Norco 
plant of Shell Chemical Co. The his- 
tory of these 20 years is one to be 
proud, not ashamed of, for it repre- 
sents vision, persistence, and crea- 
tive research in organic chemistry 
and confidence on the part of top 
management. At various times dur- 
ing these years, these characteristics 
have been described as visionary, 
stubbornness, boondoggling, and 
foolishness. “Interesting molecule” 
became an epithet when applied to 
acrolein. Even now, the commercial- 
ization of this venture represents 
boldness. 

In the magnitude and intricacies 
of this endeavor are many examples 
of complex interrelationships among 
science, technology, marketing, and 
economics which help make clear the 
nature of industrial research and 
provide starting points for discussion 
of the philosophy of research man- 
agement. 


CH, = CH — CHO 


Acrolein is a rather simple mole- 
cule: CH, = CH — CHO. Not a new 
compound, it was discovered in 1843 
among the products from dry distil- 
lation of fats and glycerine. It is a 
very reactive molecule, as would be 
expected from the presence of both 
the carbon-carbon double bond and 
the carbon-oxygen (carbonyl) bond. 

Why has acrolein not become an 
article of commerce long before this? 
Part of the answer lies in the eco- 
nomics of manufacture and another 
part in the excessive reactivity of the 
molecule. Let’s look at some of the 
developments that enhanced our in- 
terest in acrolein, leading finally to 
the start of commercial production. 

Shell’s interest in low molecular 
weight hydrocarbons and their de- 
rivatives is of long standing. It might 
seem that an interest in acrolein 
would have preceded the ability to 
make it and, in fact, would have 
stimulated us to find methods of 
synthesis. 

This, however, was not the case, 
and our position in acrolein actually 
came about as a result of other chem- 
istry. First, the development of allyl 
alcohol as a commercial product led 
to the study of its oxidation to acro- 
lein. Second, in the manufacture of 
allyl alcohol a certain amount of 
allyl ether is obtained as a byprod- 
uct, and efforts to find a use for it 
led to the discovery that in pyrolysis 
it yielded propylene and acrolein. In 
the middle 1940s, substantial quan- 
tities were made in this way at Shell 
Chemical’s Houston plant. 

Finally, the direct oxidation of 
propylene to acrolein came as an 
unexpected result of experiments 
to make chlorinated compounds by 
passing propylene, hydrogen chlo- 


INDUSTRIAL RESEARCH —AUG-SEPT, 1960 


a 

om 
wail 
| 
| 
| 
| 


ride and air over various catalysts. 
By this time it seemed that the fates 
were set on our making acrolein no 
matter what else we tried to do. We 
bowed to the inevitable and set about 
to find not only the best way to make 
it, but also what to do with it. 


100 years without a market 

Why was it that a reactive com 
pound known for nearly 100 years 
had not found a conspicuous posi- 
tion in the market place? First, acro- 
lein prepared by earlier methods was 
expensive. It could be used only for 
the preparation of high-value prod- 
ucts. For example, the acrolein pro- 
duced by Shell from allyl ether was 
used mainly by the pharmaceutical 
industry 

Second, acrolein is not simply re- 
active: it is excessively reactive. It 
even loves to react with itself. Shell 
chemists have called it “a spirited 
steed” that needs only a “tickle with 
a feather” to make it react. It also 
reacts with the lachrymatory glands 
of chemists as well as other humans; 
so much so that, even though it is 
highly toxic, it would be difficult to 


stay near it long enough to get a 
serious dosage 

Now in spite of what other sci- 
entists might wish to believe, chem- 
ists do not really like to deal with 
chemicals that make them cry when 
they work. Nor do they like to syn- 
thesize products so evil smelling and 
so thoroughly absorbent on clothing 
that their wives would make them 
disrobe in the backyard before en- 
tering the house. It would seem then 
that the combination of high cost 
and high, often uncontrollable, re- 
activity had inhibited the wide- 
spread use of acrolein 

A research program was formu- 
lated with two broad objectives—to 
make acrolein cheaper and to tame 
the spirited steed. 


Volume versus cost 

It was soon apparent that in order 
to have cheap acrolein it would be 
necessary to have large volume. On 
the other hand, if a sufficiently valu- 
able derivative could be found, 
small-scale operation would be justi- 
fied. For more than 15 years Shell 
has been engaged in an extensive 


program searching for derivatives of 
acrolein. This search has led into 
many fascinating kinds of chemistry 
and an amazing variety of fields of 
application; basic raw materials, 
building blocks for polymers, textile 
and paper chemistry, biochemicals, 
and food supplements. During this 
period, a large number of scientific 
papers have been published and 
more than 300 patents have been ob- 
tained and applied for, many de- 
scribing new compositions of mat- 
ter, compounds not hitherto known. 


Laboratory to pilot plant 

The synthesis of acrolein itself 
could not be neglected during this 
period. Large amounts were needed 
in our own research efforts. Also, 
samples had to be provided to others 
in order to stimulate them to experi- 
ment with the raw material. The field 
was an enormous one, and we had 
no illusions about our own ability to 
cover it completely. A pilot plant, 
with the capacity of 250,000 pounds 
of acrolein per year, was placed in 
operation in 1948 with the three ob- 
jectives of providing information for 


The interesting molecule became a product from a laboratory 


curiosity because of basic research on other chemicals. 
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ACROLEIN PILOT PLANT, shown 

in these pictures, was placed 

in operation in 1948 to provide 
information for process 
development and design, rau 


material for synthesis 

of derivatives, and samples 

A 15-year search led toward 
applications of acrolein 

for polymer building blocks, 
textiles and papers, biochemicals, 
and food supplements. 


process development and design, 
providing raw material for synthesis 
of derivatives, and providing sam- 
ples. This plant operated continu- 
ously until 1950 and intermittently 
subsequently until 1955, when the 
definitive design for the commercial 
unit was chosen. Samples of acrolein 
and of more than 50 derivatives have 
been supplied to more than 1,000 
organizations. 

Either large volume or expensive 
specialty applications were needed 
to make acrolein a commercial suc- 
cess. In the large volume group we 
concentrated on such possibilities as 
allyl alcohol (used in plastics and 
resins), acrylic acid (also used in 
plastics and resins) , glutaraldehyde 
(used in textile treating) , a number 
of polyols, such as trimethylene gly- 
col and hexanetriol, and many other 
compounds. 

In the specialty field we studied 
the food supplements methionine 
and lysine and other biochemically 
valuable materials such as 4-picoline 
and glutamic acid. Many agricul- 
tural applications also were investi- 
gated. 


Free sample: wonder chemical 

The progress of research and de- 
velopment in the case of a new com- 
pound with unknown uses is compli- 
cated. Usually the originators have 
some idea of the general fields in 
which it can be applied. Even before 
any extensive process development 
is done, our own applied research 
chemists do a considerable amount 
of exploratory work on applications. 
As soon as some leads are discovered, 
market development begins. 

It doesn’t do much good to send 
out bottles marked ““Wonder Chemi- 
cal X” and ask the recipient what 
he can do with it. It is necessary to 
be quite specific and say, “Here is a 
sample of 1,2,6-hexanetriol. It is a 
derivative of acrolein and is poten- 
tially available at a volume of mil- 
lions of pounds per year at a cost of 
less than xx cents per pound. When 
used as a polyol with such and such 
resins, it shows the following dif- 
ferences from glycerine and penta- 
erythritol ...” 

It isn’t that our customers don’t 
find new uses for our chemicals. It is 
just easier to get new chemicals into 
their laboratories if we can suggest 
at least one specific use of interest to 
them. 

Many problems other than the sci- 
entific complicate the development 
of applications for a new chemical. 
The customer-supplier relationship 
is a very sensitive one. The potential 
user must be given an estimate of 
the probable price of the new com- 
pound; he must have some assurance 


that samples are representative of 
what would be produced on a large 
scale; and he also must be given an 
honest and realistic estimate of the 
time scale of commercialization. If 
the potential user finds an attractive 
application or derivative which in 
turn requires market development, 
he must be assured of a continued 
supply for this purpose even before 
commercial production is achieved. 


R & D slowdown 


Considerations such as these in- 
hibited our product development ac- 
tivities because no one derivative, 
nor even a few, seemed promising 
enough to support the size of com- 
mercial plant considered necessary 
for economic exploitation of the 
process. Leads that did develop were 
too varied, too complex and too un- 
certain to provide a satisfactory ba- 
sis for manufacture by us without 
involving undue risk to both our- 
selves and our potential customers. 

With all this discouragement, by 
1953 our research and development 
effort began to slow down. Another 
large-scale project was taking more 
and more of our attention, a project 
which unexpectedly turned out to 
be the route towards a sequence of 
reactions and a series of products 
which would make acrolein an at- 
tractive venture. 

This new project was a conse- 
quence of a basic research study of 
the interaction between hydrocar- 
bons and oxygen. Over the years, 
about 25% of research at Shell De- 
velopment has been basic, directed 
towards knowledge, rather than 
practical application. The investiga- 
tion of the kinetics and mechanism 
of a chemical reaction involves de- 
tailed analyses of both intermediate 
and final reaction products. To the 
surprise of the investigators, sub- 
stantial amounts of hydrogen perox- 
ide were found in the final products 
from several experiments. 


Unexpected result 


A careful study of the reaction 
showed that the hydrogen peroxide 
was coming, not directly from the 
oxidation of hydrocarbon, but from 
an alcohol which had in some ex- 
periments been added to the reac- 
tion mixture. It was found that start- 
ing with a secondary alcohol, such 
as isopropanol or secondary butyl 
alcohol, very high yields of the cor- 
responding ketone—that is, acetone 
or methyl ethyl ketone—plus an 
equivalent amount of hydrogen per- 


_ oxide were obtained. Furthermore, it 


proved possible to separate a pure 
hydrogen peroxide from the mixture. 

This finding was of great impor- 
tance. Shell Chemical has for many 
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years been synthesizing secondary 
alcohols, selling part of the product 
as such and further processing the 
remainder to make ketones. Here we 
had a new way of going from the al- 
cohol to the ketone which yielded 
hydrogen peroxide as co-product 

This was an unexpected result of 
basic research. It led to a typical ap- 
plied research program. Such a pro 
gram in general is intended to an- 
swer one or more of three questions: 

s What can we do with this stuff. 
Or more elegantly, how can we use 
raw materials or intermediates read- 
ily available to the company. 

# Can this other stuff be made in 
a better way. Or, how can we syn- 
thesize materials already on the mar- 
ket, whether intended for use or for 
sale by the company. 

s What can we make that will do 
this job? Or, how can we develop 
new materials for specific applica- 
tions such as surface coatings, dis- 
persants, molding compounds, etc. 


Happy marriage 
Although hydrogen peroxide is an 
old and well-known chemical, our 
own previous experience with it had 
been limited. Furthermore, the way 
we made it was new, and it was avail- 
able in different concentrations with 
different impurities than any other 
hydrogen peroxide. It therefore be- 
came a legitimate candidate for an 
investigation directed towards find- 
ing out what could be done with the 
stuff 
Naturally, and inevitably, acro- 
lein and some of its derivatives were 
reacted with hydrogen peroxide. 
Many of them reacted beautifully. 
Moreover, in most cases the hydro- 
gen peroxide did not have to be 
greatly purified or concentrated. 

By varying the catalysts used and 
the reaction conditions, a number of 
interesting products could be ob- 
tained. Among them was a new com- 
pound, glycidaldehyde (the exist- 
ence of which had been postulated, 
but which had never been synthe- 
sized nor even isolated before), 
glyceraldehyde, and acrylic acid. 
Most exciting of all was the fact that 
under certain conditions glycerine 
could be produced in an economical- 
ly attractive fashion. 

Shell had been the first to dis- 
cover, develop, and put into com- 
mercial production a process for 
synthesizing glycerine, hitherto 
available only as a byproduct of soap 
manufacture from natural fatty oils. 
The process yielded, as intermediate 
products, chlorohydrins, which are 
also intermediates in the manufac- 
ture of Epon® resins. Expansion of 
both Epon resin and glycerine busi- 
ness was straining chlorohydrin ca- 


pacity. The new glycerine synthesis 
offered a much desired flexibility in 
matching capacity to market re- 
quirements, and provided a sound 
economic base for acrolein. Although 
the hydrogen peroxide process could 
stand soundly on its own feet, the 
added base load made it even more 
attractive 

Interestingly, the synthesis that 
finally opened the way to the large- 
scale manufacture of acrolein is the 
reverse of the reaction which led to 
the original discovery and identifi- 
cation in 1843. At that time J. Red- 
tenbacker, in Germany, reported 
that he had prepared acrolein by 
distilling glycerine in the presence 
of a dehydrating agent. It is the 
products of this reaction which make 
the eyes smart when fats are over- 
heated during cooking. The fats de- 
compose to give glycerine which in 
turn dehydrates to acrolein. 

With the certainty that acrolein 
would be commercially available we 
were able to renew our new product 
development with confidence in the 
economics. Even if economic success 
were to result from the venture, it 
will still be necessary to continue the 
search for new derivatives and the 
efforts to improve the various proc- 
esses which are involved. We have 
found that more of our products and 
processes are made obsolete by our 
own endeavors than by those of com- 
petitors. We think this is as it should 
be. 


Scientific, economic, 
psychological 

This case history of acrolein, or 
the AHPG (acrolein, hydrogen, per- 
oxide, glycerine) package, as it came 
to be called, is of particular value, 
because it has isolated in an identi- 
fiable form a large number of vari- 
ables which affect the process of 
research, development, and commer- 
cialization. 

These variables are not only sci- 
entific and economic, they are psy- 
chological as well. Initial enthusiasm 
brings in a swarm of new ideas; pro- 
longed lack of success in applying 
these ideas commercially diminishes 
creativity almost to the vanishing 
point. Assurance of commercial ac- 
tivity raises the number of new ideas 
and proposals up to or over the ini- 
tial burst. At that point new manage- 
ment problems arise. When is it de- 
sirable to attempt to reduce research 
interest in new processes to make the 
same products? When should one di- 
vert product research, for example, 
from acrolein derivatives to entirely 
different kinds of materials? And, 
finally, how do you do this without 
seeming to discourage initiative and 
creativity? 
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Industrial Research has been working to define its audience, in quantity! and quality.’ 


1. Now, Industrial Research proudly announces an increased, audited, circu- 
lation for the balance of the year. A minimum total circulation of 41,000—an increase 
of 32° —will be guaranteed at no increase in rates for the balance of 1960. 


2. After a year and a half of publishing, I*R has defined its quality of circu- 
lation to a fine point. The magazine is read by these three overlapping groups: 


w Industrial research and development men in the laboratory. 


= Creative engineers (creative because it is their job to apply the results of 
industrial research). 


® Technical directors and other executives concerned with the ideas and ap- 
plications of research from the management viewpoint. 


These are the men who decide on your products and services. 


The average I*R reader earns $14,200 a year, holds two patents, has 15 
years experience, spends one-and-a-half hours with this magazine each issue, reads em- 
ployment ads in I*R and is charged with specifying industrial products or services. 
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i. A FEW DAYS LAST SPRING, the U-2 became the 
most famous airplane in the world. Before the un- 
fortunate event it was all but unknown, despite be- 
ing a somewhat old plane, as modern aircraft go. The 
U-2 incident accomplished two very significant 
things: 

It resulted in the most remarkable series of pub- 
licized blunders by government officials within 
memory. 

It publicized reconnaissance, an activity which 
previously had been treated with utmost secrecy. 

Previously, military reconnaissance of internal 
Soviet activities was believed limited to the detect- 
ing and recording of radio and radar transmission 
by aircraft and fixed stations outside Soviet bor- 
ders. Data obtained in this manner are particularly 
valuable in preparing for electronic warfare. 


what 
kind 
plane 
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by M. E. Aisanich, /+R assistant editor 


Since the May 1 shoot-down over Russia, much 
has been written about the U-2’s reconnaissance 
missions, but little about the plane itself. 

Hand-built U-2s originally were constructed in 
the experimental department of Lockheed Aircraft 
Corp. as far back as mid-1954, under supervision of 
the designer, C. L. Johnson. 

By late 1955 the Air Force had purchased U-2s 
and early in 1956 the National Advisory Commit- 
tee for Aeronautics began planning a high-altitude 
meteorological research program around the plane. 


Meteorology—over Russia 

On May, 1956, Dr. Hugh L. Dryden, director of 
the NACA, announced the start of its new research 
program to meet the need for more detailed infor- 
mation about meteorological conditions to be found 
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AN OLD PLANE as modern aircraft go, the U-2 should be useful 
for a long time, to undertake reconnaissance missions, 
meteorological studies, and other tasks for which a high-altitude 
aircraft is suited. By most standards the U-2 

is an unusual looking plane. It is unusual in flight 

as well, because maneuverability was exchanged 

for high-altitude flying capability. The most unusual feature 
about the U-2 is its extremely light construction. 


at altitudes of 50,000 ft. 

“Tomorrow's jet transports will be flying air 
routes girdling the earth,” he said. “This they will 
do at altitudes far higher than presently used ex- 
cept by a few military aircraft. The availability of 
a new type of airplane, which is one of several that 
will be used in the program, helps to obtain the 
needed data in an economical and expeditious man- 
ner.” 

The “new type of airplane” was, of course, the 
Lockheed U-2, powered by a single Pratt & Whit- 
ney J-57 turbojet engine and expected to reach 10- 
mile-high altitudes routinely. 

Although ostensibly for weather studies, other 
uses for the plane doubtless occurred to some of 
those having responsibility for specification, design, 
or procurement. Indeed, the prospect of achieving 


multi-purpose versatility is an inducement for mak- 
ing many products, not only aircraft. 


Did the U-2 lose face? 

Because of the face-losing incident with which it 
was associated, the U-2 seems to be regarded as a 
failure too. But has it been that, or a successful 
and valuable engineering achievement that will 
continue to be useful for missions requiring high- 
altitude flight? Industrial Research believes it will, 
because of the high-altitude and high speed capa- 
bilities, which set the U-2 apart. 

The U-2 is notable for its extremely light con- 
struction, necessary for high-altitude flights. The 
wings flap noticeably during flight near the ground, 
and to conserve weight, the main landing gear has 
been reduced to one strut with two wheels. This 
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Capable of Continuous Operation 


at temperatures to 1600 degrees C. 


PERECO 
Kanthal 
Super 
Element 


FURNACE 


for 
normal 
oxidizing 
atmosphere 
Here's a general-purpose Pereco Furnace especially suited for areas 
of work calling for sustained high temperatures (up to 2900 degrees 
Fk) for long periods. Some of its features are: Kanthal Super ele 
nent iturable reactor power control; graded, super-duty, light 
S nsulation; and highest quality temperature controls. These 
: combined to provide extremely accurate temperature control 
uniform heating, flexible cycling, cleanliness and economy of oper 
iting maintenance. Let us tell you how this unit or other avail 
ible size and type Pereco Kanthal units might handle your work 


Standard and Special Furnaces for temper 
atures from 450 degrees to 5000 degrees I 


PERENY EQUIPMENT CO., Inc. 


Dept. Y, 893 Chambers Road 
Columbus 12, Ohio 


New Transducer System 
... WITH ONLY ONE MOVING PART 


New Ultradyne DCS-4 pressure-to 
voltage system has only one moving 
part. Advanced solid state circuitry 

minates amplifiers and drift prob 
lems. Operating range from B5 Fto ¢ 
12 F. Stable DC output to«1% despite 
supply changes from 25 to 30 voits DC. 
Weighs only 9 ounces. Send for com- 
plete specifications. 


= 
ULTRADYNE 
INCORPORATED of The Condec Group 
P.0. BOX 2308 ALBUQUERQUE, NEW MEXICO 


strut is located just forward of the center of gravity 
so that the pilot can balance on it during landing. 
Wing tip skids are provided to prevent damage to 
the wing when the aircraft slows down. 

During takeoff, two small wheels under each 
wing keep them level. On the ground the wings are 
held up by a flexible strut inserted in a wing socket. 
During takeoff, the struts come out of the sockets 
and the whole assembly remains on the runway. 


Flush riveted, smooth surface 

Another exceptional feature of the U-2 is its ex- 
tremely smooth surface. Riveting is flush over much 
of the aircraft, and careful attention has been paid 
to joints, since a very smooth surface is required to 
maintain low air friction even at high altitudes. 

A high aspect ratio (ratio of wing length to 
width) was used on the aircraft to give a high lift 
coefficient with a small drag during cruising. 

Maximum range of the U-2 is about 2,600 miles. 

The J-57 engine was modified for U-2 use by the 
introduction of larger, wider compressor blades. 
The compressor pumps low-density air more effi- 
ciently than in the standard J-57, which must 
operate over a wide altitude range. 

Lockheed lists the U-2 cruising speed as 460 
mph. and top speed as 500 mph. Wing span is 80 
feet; fuselage length is 49-1% feet. 

Main engine air inlets—large for a single engine 
aircraft—are needed for high-altitude operation. 
The compressor section also has an inlet area larger 
than normally used on military and civil versions of 
the engine. 


Precision photos from 70,000 feet 


Large open areas on the bottom and sides of the 
aircraft’s nose structure permit mounting of a vari- 
ety of cameras and other reconnaissance equip- 
ment. The U-2 downed over Russia was carrying 
cameras which were able to take pictures of great 
precision and clarity from 70,000 feet, but which 
require daylight and freedom from cloud cover for 
effective results. 

The ill-fated plane also carried an MIT inertial 
guidance system which permitted it to navigate 
accurately without relying upon external radio- 
navigation aids. 

U-2s similar to the ones used on reconnaissance 
missions are testing highly secret infrared equip- 
ment in connection with missile flights at Cape 
Canaveral, Air Force officials have confirmed. 

The Lockheed plane also is being used by the 
Air Research and Development Command “to sup- 
port the research program for improving meteor- 
ological forcasting and for evaluating equipment.” 

To date the U-2 continues to be valuable in 
gathering weather information, which according to 
ARDC, will “expand data already available to both 
tactical military units and commercial firms that 
employ jets.” . 
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« « « news about metals and metal chemicals 


SEPTEMBER - OCTOBER, 1960 


NEW PEAKS PREDICTED FOR POLYPROPYLENE PRODUCTION. Brightest prospects are 
in over-wrap applications, and in automobile and appliance uses. Keeping step as a 
polymerization catalyst is our titanium trichloride. Latest interest is in the 
activated form of this product -- TiCl,-lA -- just introduced. With the activated 
form, plastics producers are achieving higher conversion rates ... yet consistently 
retaining the same clear, high-quality polvmer previously provided by the unactivated 
material. Activated and unactivated titanium trichlorides are available from UCM in 
quantities for research and commercial uses. For additional data request TT2-TS8. 

a 
VANADIUM BUTTERS TITANIUM-STEEL SANDWICH. A new technique developed by 
Titanium Metals Corporation of America uses vanadium metal as a "butter" between 
titanium and steel .. . Counters the usual problem of welding dissimilar metals. 
Called interlayer welding, this technique uses either a series of vanadium plugs or 
a thin, continuous sheet. Vanadium metal was selected because it provides the 
necessary engineering strength and corrosion resistance at the joint. The advance 
is expected to brighten the cost picture for companies anxious to use corrosion- 
resistant titanium sheet in chemical processing equipment. UCM makes vanadium metal 
in sheet or strip for use in the sandwich. Bulletin VM3-T8 gives general data on 
vanadium and the welding technique. 


* * * 


MAKING TOOL PRODUCTION TiC. Makers of cemented carbide tools are 
obtaining greater erosion and oxidation resistance, as well as cost economies, 
through the use of titanium carbide, TiC. One major tool manufacturer reports 
simplified quality control because of the consistent analyses of our high-purity 
material, e.g., free carbon, 0.2%; combined carbon, 19.3%. This refractory compound 
is also being used in newly developed titanium-carbide-base cutting tools and in 
cermet and ceramic shapes. UCM's titanium carbide is available in commercial 
quantities as powder < 5 micron av. FSS. A variation of this product -- submicron 
high-purity titanium carbide -- is being studied for uses which require fine 
particle size. Request TC2-T8 for data on TiC. 
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VANADIUM AS YOU LIKE IT. As demand for vanadium metal grows, customers 
look for a wider range of mill products at minimum delivery time.® The new focus: 
manufacture and processing of larger vanadium ingots. An ingot more than 9 in. in 
diameter -- believed to be the largest to date -- has just been cast for us by 
Universal-Cyclops. This means more vanadium mill products off the shelf from UCM, 
as we continue to meet customer requirements in size, as well as purity, with 
mirimum lead time. For data on vanadium request VM2-T8. 

* * * 

HELPING OTHERS TO HELP OURSELVES. UCM will be keying its 1960 National 
Metal Show display to the theme: "Select The Right Metal For The Job...Ask Our 
Engineers To Help". The fact that alloying elements make metals better will be 
illustrated by outstanding applications of low-alloy steel, stainless steel, 
high-temperature alloys, and aluminum. Also featured will be a number of refractory 
metals with special emphasis on the promising new columbium alloys. To save 
time and expense send for free Admission Invitation AD1-T8. 

* * 


Union Carbide Metals Company, Division of Union Carbide Corporation, 
270 Park Avenue, New York 17, N. Y. In Canada: Union Carbide Canada Limited, Toronto. 


"Union Carbide" is a registered trade mark of Union Carbide Corporation 
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200 $. MICHIGAN AVE NO isT Fitus 


BULK RATE 
CHICAGO 4, ILLINOIS 


ANN ARBOR wien “PAID. 


PONTIAC, ILLINOIS 
Permit No. 21 


THERE IS NO ROOM FOR SMALL MINDS where men fathom the laws and create the ve- 
hicles of space. Nor is there any limit to what these minds can accomplish in a total celestial climate 
like Martin-Denver. If you seek the stimulation of projects, associates, tools, accomplishments 


far beyond the ordinary, write: N. M. Pagan, Director of Technical and Scientific Staffing, Martin- 
Denver, P.O. Box 179-B4, Denver, Colorado. 
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